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REMARKS 

The Examiner is thanked for the telephone interview courteously granted to 
the undersigned, in connection with the above-identified application. During this 
telephone interview, proposed language was discussed with the Examiner so as to 
make clear in the claims that the polypeptide (B) in claim 1 , and the polypeptide (B) 
in claim 5, comprised the amino acid sequence of the recited Sequence ID, and 
having substitution, deletion, insertion, addition or inversion of no more than 1 to 5 
amino acids in the amino acid sequence. During this telephone interview, the 
Examiner also indicated that the polypeptide (B) also needed to recite a function of 
such polypeptide. 

Applicants have amended their claims in light of discussions during the 
aforementioned telephone interview, and so as to further clarify the definition of the 
present invention as set forth in the claims being considered on the merits. 
Specifically, Applicants have amended claim 1 to recite that the polypeptide (B) 
comprises the amino acid sequence of SEQ ID NO: 2 except for having substitution, 
deletion, insertion, addition or inversion of no more than 1-5 amino acids in the 
amino acid sequence; and to recite that the polypeptide in (B) can form a neoculin 
dimer having a taste-modifying activity. 

Applicants have similarly amended polypeptide (B) of claim 5, to recite that 
this polypeptide (B) comprises the amino acid sequence of SEQ ID NO: 3 except for 
having substitution, deletion, insertion, addition or inversion of no more than 1-5 
amino acids in the amino acid sequence, and to recite that this polypeptide (B) can 
be processed to a mature polypeptide neoculin acidic subunit which can form a 
neoculin dimer having a taste-modifying activity. 
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In connection with these amendments to claims 1 and 5, note, for example, 
the paragraph bridging pages 5 and 6, and the first full paragraph on page 7, of 
Applicants' substitute specification (submitted with the Preliminary Amendment filed 
July 28, 2006). See also pages 15-21 of Applicants' substitute specification. 

Initially, it is respectfully requested that the present amendments be entered, 
notwithstanding the Finality of the Office Action mailed June 1, 2010. In this regard, 
noting portions of Applicants' specification referred previously, as well as the 
Examples starting from page 31 thereof, it is respectfully submitted that the present 
amendments do not raise any issue of new matter; in addition, noting arguments 
made previously in connection with the above-identified application, it is respectfully 
submitted that the present amendments do not raise any new issues. Noting further 
definition of the polypeptide (B) in each of claims 1 and 5, to clarify that the amino 
acid sequence thereof is the amino acid sequence as specified, except for having 
substitution, deletion, insertion, addition or inversion of no more than 1-5 amino acids 
in the amino acid sequence, it is respectfully submitted that the present amendments 
materially limit issues remaining in the above-identified application; and, at the least, 
present the claims in better form for appeal. Noting that the present amendments 
address rationales for rejection set forth for the first time in the Office Action mailed 
June 1, 2010, it is respectfully submitted that the present amendments are timely. 

In view of the foregoing, it is respectfully submitted that Applicants have made 
the necessary showing under 37 CFR 1.11 6(b); and that, accordingly, entry of the 
present amendments is proper. 

Applicants respectfully traverse the rejection of their claims under the second 
paragraph of 35 USC 1 12, as set forth in Item [19] on pages 4 and 5 of the Office 
Action mailed June 1 , 2010, especially insofar as this rejection is applicable to the 
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claims as presently amended. Thus, claims 1 and 5, in connection with 

polypeptide (B), have been amended to recite a polypeptide comprising the amino 

acid sequence of the specified sequence number "except for having substitution, 

deletion, insertion, addition or inversion of no more than 1 to 5 amino acids in said 

amino acid sequence". In view of amendment of claims 1 and 5 to recite the amino 

acid sequence of the specified sequence number "except for having substitution", 

deletion, etc., it is respectfully submitted that basis for rejection of claims under the 

second paragraph of 35 USC 112, set forth in the paragraph bridging pages 4 and 5 

of the Office Action mailed June 1, 2010, is moot. 

The suggestion by the Examiner on page 5 of the Office Action mailed June 1 , 
2010, to amend (B) of, e.g., claim 1 to recite a polypeptide comprising the amino acid 
sequence of the specified sequence number "except for substitution, deletion, 
insertion, addition or inversion of no more than 1 to 5 amino acids", in lines 3-7 on 
page 5 of the Office Action mailed June 1 , 201 0, is noted with thanks. It is 
respectfully submitted that Applicants have amended each of claims 1 and 5 
consistent with the Examiner's suggestion, reciting the phrase "except for having" 
substitution, deletion, etc. of no more than 1 to 5 amino acids, such that the basis for 
rejection of claims under the second paragraph of 35 USC 112, set forth in the 
paragraph bridging pages 4 and 5 of the Office Action mailed June 1, 2010, is moot. 

Applicants respectfully traverse the rejection of their claims under the first 
paragraph of 35 USC 112, as failing to satisfy the written description requirement, 
set forth in Item [21] on pages 5-8 of the Office Action mailed June 1, 2010, 
especially insofar as this rejection is applicable to the claims as presently amended. 
In connection therewith, the Examiner's interpretation of previously considered 
claims, as set forth in the second paragraph on page 6 of the Office Action mailed 

19 



Docket No. 1333.46425X00 
Appln. No. 10/587,539 
September 1, 2010 

June 1 , 2010, is noted. Applicants have amended their claims to recite that the 
polypeptide (B) includes the amino acid sequence of the specified sequence 
number, except for having substitution, deletion, insertion, addition or inversion of no 
more than 1-5 amino acids in the amino acid sequence. Thus, it is respectfully 
submitted that, clearly, the amino acid sequences of the genus of polypeptides of (B) 
in claims 1 and 5 is not unlimited, but includes no more than 1-5 amino acid changes 
from that of the specified sequence number. Moreover, claims 1 and 5 have been 
further amended to specifically set forth the function of the polypeptide of (B) in 
claims 1 and 5. In view thereof, it is respectfully submitted that the basis for rejection 
of claims under the first paragraph of 35 USC 112, as failing to satisfy the written 
description requirement; and, in particular, the basis for this rejection as set forth in 
the second paragraph on page 6 of the Office Action mailed June 1, 2010, is moot. 

Contentions by the Examiner in the paragraph bridging pages 7 and 8 of the 
Office Action mailed June 1, 2010, are noted. Again, it is emphasized that the 
present claims recite changes from the recited amino acid sequence number of no 
more than 1-5 amino acids, and claims 1 and 5 recite the function of polypeptide (B). 
Clearly, the contention by the Examiner that the amino acid sequence of 
polypeptides of (B) in claims 1 and 5 is unlimited, and that the function of the 
polypeptides is unlimited, is incorrect with respect to presently amended claims 1 
and 5. 

The additional contention by the Examiner in the second full paragraph on 
page 8 of the Office Action mailed June 1, 2010, is noted. Clearly, with respect to 
presently amended claims, the genus of polypeptides of (B) of claims 1 and 5 is not 
both structurally and functionally unlimited. To the contrary, it is respectfully 
submitted that the polypeptides of part (B) of claims 1 and 5 has a variation of not 
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more than 1 -5 amino acids, with claims 1 and 5 defining a function of the 

polypeptide, such that the description requirement of the first paragraph of 

35 USC 1 12, is clearly satisfied. 

Applicants respectfully traverse the rejection of their claims under the first 

paragraph of 35 USC 112, as failing to satisfy the enablement requirement, set forth 

in Item [22] on pages 8-13 of the Office Action mailed June 1, 2010, particularly 

insofar as this rejection is applicable to the claims as presently amended. In 

connection with this rejection, and as set forth in the last full paragraph on page 10 of 

the Office Action mailed June 1 , 2010, the Examiner has based this rejection in 

interpreting Applicants' claims as not limiting the amino acid sequences of the 

polypeptide (B) and as not limiting the function thereof. However, as discussed 

previously, claims 1 and 5 have been amended to recite a variation of not more than 

1-5 amino acids, and have further amended claims 1 and 5 to recite a function of the 

polypeptide (B). Accordingly, it is respectfully submitted that the basis for rejection of 

claims as failing to satisfy the enablement requirement of 35 USC 112, first 

paragraph, set forth in Item [22] on pages 8-13 of the Office Action mailed June 1, 

2010, is moot. 

Applicants respectfully submit that all of the claims presented for 
consideration on the merits by the Examiner patentably distinguish over the 
teachings of the documents applied by the Examiner in rejecting claims in the Office 
Action mailed June 1, 2010, that is, the teachings of the articles by Yamashita, et al., 
"Purification and Complete Amino Acid Sequence of a New Type of Sweet Protein 
with Taste-modifying Activity, Curculin*", in The Journal of Biological Chemistry , 
Vol. 265, No. 26, issue of September 15, 1990, pp. 15770-15775; Shimizu-lbuka, et 
al., "Crystal Structure of Neoculin: Insights into its Sweetness and Taste-modifying 
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Activity", in J. Mol. Biol. , (2006), 359, pp. 145-158; and Suzuki, et al., "Recombinant 
curculin heterodimer exhibits taste-modifying and sweet-tasting activities", in FEBS 
LETTERS , 573, (2004), pp. 135-138, under the provisions of 35 USC 102 and 
35 USC 103. 

Initially, Applicants note the rejection of claims 1 and 5 under 35 USC 102(b), 
as set forth in Item [24] on pages 13 and 14 of the Office Action mailed June 1, 2010. 
It is noted that this rejection is based upon the Examiner's interpretation of claims 1 
and 5, that the polypeptide of (B) has a number of variations from SEQ ID NO: 2 or 3 
which are unlimited, and wherein the function of the polypeptide of part (B) of 
claims 1 and 5 is unlimited. However , as clearly shown supra , the claims as 
presently amended recite amino acid variations of the specified sequence which is 
not more than 1 -5, with the function of the polypeptide of (B) of claims 1 and 5 being 
set forth. Accordingly, basis for the rejection of claims 1 and 5 under 35 USC 102(b) 
as set forth in Item [24] on pages 13 and 14 of the Office Action mailed June 1, 2010, 
is moot. 

To the contrary, in comparing the curculin (NBS) described in Yamashita, et 
al., with the polypeptide (NAS) of SEQ ID NO: 2, the polypeptide in Yamashita, et al. 
has 29 substitutions and has 74.6% homology with the polypeptide of SEQ ID NO: 2. 
Note the enclosed Table, comparing the amino acid sequence between neoculin and 
the curculin of Yamashita, et al. Note also that the homology of curculin (NBS) of 
Yamashita, et al., with the polypeptide of SEQ ID NO: 3 of the present application, is 
less than 74.6%. 

As can be seen from the foregoing, clearly the teachings of Yamashita, et al., 
as applied in Item [24] on pages 13 and 14 of the Office Action mailed June 1, 2010, 
would have neither disclosed, nor would have suggested, such isolated polypeptide 
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neoculin acidic subunit or such isolated polypeptide neoculin acidic subunit precursor 
as in the present claims, which includes the amino acid sequence except for having 
substitution, deletion, insertion, addition or inversion of no more than 1-5 amino acids 
in the specified amino acid sequence, and advantages achieved thereby. 

Applicants respectfully traverse the rejection of claims 2 and 6 as anticipated 
by, or, in the alternative, under 35 USC 103 as obvious over, Yamashita, et al. "as 
evidenced by Suzuki . . . and Shimizu-lbuka et al.". 

It is respectfully submitted that the teachings of these references as applied 
by the Examiner, with Suzuki, et al. and Shimizu-lbuka, et al. only being applied as 
extrinsic evidence, would have neither disclosed nor would have suggested the 
isolated polypeptide neoculin acidic subunit and isolated polypeptide neoculin acidic 
subunit precursor as set forth in the present claims, including the polypeptide (A) of 
the specified amino acid sequence in SEQ ID NO: 2 or NO: 3, or having variation 
therefrom of no more than 1-5 amino acids (see claims 1 and 5); and, moreover, 
wherein the isolated polypeptide is glycosylated with an N-linked sugar chain 
comprising mannose/N-acetylglucosamine/fucose/xylose at a ratio of 3/2/1/1 (note 
claims 2 and 6). 

The invention as being considered on the merits in the above-identified 
application is directed to an isolated polypeptide neoculin acidic subunit or precursor 
thereof. Such isolated polypeptide has a taste-modifying activity, to give a 
substance a sweet taste. 

The present inventors have found that neoculin greatly reduced the sourness, 
bitterness or astringency of foods and drinks, and additionally that neoculin has an 
activity to enhance the taste of foods and drinks, namely, a taste-modifying activity. 
The present inventors have found that neoculin has a far better taste-modifying 
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action than that of curculin, and is highly practically applicable. Note, e.g., pages 4 
and 5 of Applicants' substitute specification. 

As to advantages achieved by the present invention, note comparison of the 
taste-modifying activities of neoculin and curculin, set forth in Example 10 on 
pages 47-49 of Applicants' substitute specification. As can be seen particularly in 
Table 5 on page 49, and as discussed under this table, the taste-modifying activity of 
neoculin was far stronger than the taste-modifying activity of curculin. 

Yamashita, et al. reports on a study in which a new type of protein which 
elicits a sweet taste and also has taste-modifying activities has been found, this 
protein having been isolated from the fruits of Curculigo latifolia, this plant being a 
stemless herb which grows wild in western Malaysia. This study indicates that the 
active principal has been purified, and named curculin, and the article reports on the 
complete amino acid sequence of curculin, which is a dimer of a polypeptide with 
114 residues. Note the first two paragraphs in the right-hand column on 
page 15770. Yamashita, et al. is a first report about an isolation of curculin, 
reporting that curculin is a dimer of two curculin polypeptides (NBSs). 

It is emphasized that this article discloses and identifies curculin . It is 
respectfully submitted that the teachings of this reference do not disclose, nor would 
have suggested, the isolated polypeptide neoculin acidic subunit or precursor thereof 
as in the claims presently being considered on the merits, much less advantage 
thereof as seen, for example, in Example 10 of Applicants' disclosure, discussed 
previously. 

After Yamashita, et al. was published, curculin B (see JP 10-215884), as well 
as curculin C (see USP 5,395,921) have been reported as polypeptide (subunits) 
constituting curculin, beside the curculin disclosed in Yamashita, et al. Enclosed 
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please find copies of the above-mentioned JP 10-215884 and USP 5,395,921 . As 
can be seen therefrom, prior to the present invention there were a number of 
polypeptides (subunits) constituting curculin, and those skilled in the art recognized 
that these polypeptides were all present as homodimers . 

In contrast, according to the present invention, the present inventors 
separated and identified a novel protein dimer having a taste modifying activity, 
finding that the protein dimer is a heterodimer comprising a novel polypeptide NAS 
(the polypeptide of SEQ ID NO: 2) and NBS . It is respectfully submitted that the 
present inventors were the first to clarify the presence of a heterodimer in curculin; 
and that this heterodimer, named "neoculin" by the present inventors, has a 
remarkable taste-modifying activity. It is respectfully submitted that the teachings of 
Yamashita, et al. would have neither disclosed nor would have suggested such 
heterodimer of the present invention, and advantages thereof, e.g., a remarkable 
taste-modifying activity. 

It is respectfully submitted that Suzuki, et al. and Shimizu-lbuka, et al. 
correspond to the present invention, it being emphasized that each was published 
after the priority date of the present application. Suzuki, et al. reports on the isolation 
of a gene that encodes a novel protein highly homologous to curculin, it being 
disclosed therein that sweet-tasting and taste-modifying activities were exhibited 
solely by the heterodimer of curculin 1 and curculin 2. 

Shimizu-lbuka, et al. reports on the crystal structure of neoculin. 

However, noting the various curculin materials, as seen in Yamashita, et al. 
and the enclosed Japanese patent document and enclosed U.S. patent, with Suzuki, 
et al. and Shimizu-lbuka, et al. not being prior art, it is respectfully submitted that the 
teachings of the applied references do not disclose, nor would have suggested, the 
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isolated polypeptide neoculin acidic subunit as in the present claims, or precursor 
thereof as in the present claims, and advantages thereof. 

In particular, it is respectfully submitted that even in light of the teachings of 
Suzuki, et al. and Shimizu-lbuka, et al., it would not have been inherent that a 
neoculin acid subunit is present as a subunit constituting curculin, noting the 
enclosed Japanese patent document and the enclosed U.S. patent; and as the two 
articles are not prior art, such neoculin acid subunit would not have been obvious. 

In view of the foregoing comments and amendments, entry of the present 
amendments, and reconsideration and allowance of all claims presently pending in 
the above-identified application, are respectfully requested. 

Applicants request any shortage of fees due in connection with the filing of 
this paper be charged to the Deposit Account of Antonelli, Terry, Stout & Kraus, LLP, 
Deposit Account No. 01-2135 (case 1333.46425X00), and please credit any excess 
fees to such Deposit Account. 

Respectfully submitted, 

ANTONELLI, TERRY, STOUT & KRAUS, LLP 

By /William I. Solomon/ 

William I. Solomon 
Registration No. 28,565 

Enclosures: Table (Comparison of amino acid sequence in Curculin and Neoculin); 

JP 10-215884; USP 5,395,921 

WIS/ksh 

1300 17 th Street N., Suite 1800 
Arlington, VA 22209 
Tel: 703-312-6600 
Fax: 703-312-6666 
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[»*3U1 (1) B15!l*©E5a#*lt?*t>*^* 
7 5 yftHEJIISr^trsKy^^K, Xtt (2) buIBT 5 

y ifia?ij(-*iv^T i«SL< iiSSi»r 5 y 
[ft** 2] (i) mmonmm^i x*mt>&ti% 

A, Xtt (2) MfBT5yfi$iS^|{Ci3V^-Clfi^ : L<« 10 

7°^ KSr 3- Ki"<5DNA£r, Ii-Ciit5rt(Dt 
# 5 7° n y — Sr-a tf E5<J fc , 5 - i © 

-C# 3 * - 5 - £#tf Sa?iJ © ID) f-^tf - t 

^f-i/;/^— y-\ ^ y yyV— ^-ifV y <M 3 
fcS#!&»&SMif:/P i fc--*--'T?*>3% SS#JS 2 fcfEtt 20 

— if'^-^ Xl±# y yyV— ^49 VAA'-K 

3 5S^-?^-^-tfe5> gfjfcJS 2 XttW** 3 u: 
ISlfe©?^*? K 0 

-etS-Y^ho^SrH^tf, ft#>l2~iMirl4©^ 30 
[ft** 6] HUia-f ^ h o ^ h^oa^a^ 
[»*3S 7 ] IS*ll 2 ~ff *II 6 ©V vf *ia»-£WE 

ft<o7°7^5 k-c% (fat, y 

[fit** l 0 ] BWB»«*SAffl**t?& 5 > ft** 9 

[»** 1 1 ] it** 7 m l < fit*** 1 1 iae*t» 
^SC^MXttft** 9 ^ u < nit ** 1 3 taaic© 

tiz>7^yms,m*^tfy$V'<y°^h\ x(i (2) mm 

7 $ y ^sa?ij(-*3v^-c i fs^ b < ttlii©/ 5 y 
m*p, ^rb< «e^$Hfcr 5 ys§ga?u£^u 
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[0 0 0 1 ] 
[0 0 0 2] 

[$*©&»] y^y y • y^-y^vr (c u r c u 

1 i g o 1 a t i f o 1 i a) f±, -7l/-^W 

iotBt^fy^) fcJRi-5fll*-^*)5o Z.(D9iv 
y y =f . 7f-7t y rroftHlc-g-^tuS^^^S^fe 

sy/uyy^te, ^ttgflEas-B-ft&^ru &ticttft&tt 

5 y^ge^-o^Tfi, y^y y yWciofi,^ 
y;uy y va<d£.7% jftBM&ifiWF-s-i 9 o 8 9 

y/wy y vmKff® lo^fo^y 
/uy y co^iH*RtJ ; M.l!if*»^Kia^JXu ; T *y» 

ia^lJ^#IS¥6 - 1 8 9 7 7 l-^45ff|»::H^S*fCV^ 

■So 

[0003] y ;uy y #r*¥ 2-1042 

6 3-^, i(#r?i¥2-8 4 1 5 7^§\ W¥2-84 1 6 
0-*§\ S.t>*#P¥2 - 8 4 16 1 #-©4S^*f-flBtt©a 

b<D^-et±, y/wy y • 7^7^- y t<d^mx <q y 

/wy y >ASrttfflL-CV^ 0 lot, ^Jx.«\ **coi|X 

xtty/v-y y vAw-g-^a^i^^i&^stt-^-f 
<, u^t, y^y y =* • y^-y* y T©sn©&a^ 
iSStTfesro-rs y/uy y vo^m^fiBiiT'fco 

fc. #H¥6 - 1 8 9 7 7 1 9 A* 

y y >-B©cDNASr3 — Ki-5^fi£E^JSr*FMU 

y^y y yB^a- Ki*5 c DNA^y n-Wkbfc7° 

K-ejgWEiftufcis^ifcfcj: 9, a^^y^yy 

VB$r£0£*-CV*3. L*>L % r©|I^x.y;wy y v 

asufe-efesfcfcx tat Ltfi— 

[0 0 0 4] 



(3) #H¥l 0-2 1 5 8 8 4 

3 4 

Lxmmmx\ ^its«m/j;> y *<ow& [ooos] 

feo^H*fimi--5 r t 3 r £ Srjam bfc„ * ©E5«#* 1 -egfc T 5 / BHEBI&atf # y -7° 

[0 0 0 5^ ° §r E^JS©E^#^l"C*^:b£;h/£iWB2 

<DE?ij#-f-iT*^$n5T5y^iB^J^tf*°y^7° fttn, ^> £t<iiil^^7?ySE5iMU 

T5/$E?iJ*rWU ua»t>K*WifBISttSr^r-t--5^y [0 0 o 9 ] *Wtt»lc*5V^-C, ^,u7 jj yBli 

[o o o 6] ^iswtt, (i) E5H*<oE5ii#* 20 ntv^T5yi?E^b^5^y^f-Kt?feoT, 

-K-T5DNA, Xtt (2) pfBT^/ltE^fc^T {fito, fcfc, t ©T?f 5T 5 / 

wasters /ttsai&tfu jnfc£<5v^t\ ^iNf^ii^ sflaffsrfp^-rs-^a* 

i-sr i:©-et^7 p n*-^-*^E?iJtv *»"e# I o o 1 o ] #&i«i#fc:*f^"C ruScWUMiSttj trt, 

^tfiiSr«M»i:i-*, 7°7*5 K^BirS. * Sr««*v>L«!fWti-a?SttSr*!*+S. 

gUttti^ib, (1) E?ijacoE?iJ#^-l-e*^^tL5T cfSr*-t?3S^(- SB) t^C. B)f^?iiS£Diit 

s/ttgssnsr-^tfjKy^f-K, xtt (2) friar 5 y («*.rf, y ^bsm^*^K) 

^L<»gm$nfcT5 ymnm^u L*»t x«\ ^2-5^) ^<^, ^^etta 

[0 0 0 7] *MifiB«^*5V^ r|ftj ill, 4*4 40 (ci^<^ > ^©JrtCiCStftW^^ huIB^^O* 

-aj^SrE*1-5. WIS rflS^j fctt, =<t\ v-^ IS M!S^iiafiH4Sr*ri-5a»5d»Sr*Si-5-i:^#*. 

B.xW*fefoteZ1> t -£*ti5o «HE<0* [0 0 11] *3SK<©7°7^5 Ktt, 'Pte< tt>, 



[0012] y^-y y vBti, sa?ij*»ia^J#-* 1 xm 
t>£tt37 * y^ga^feftSo ^^^bii, 

57?; fkWffl It 5 ^ - 2 2 # i <D T ? / ^~H- 



»^2-e^$W7? ygMa^JSc&stsil'i i 5# 10 

lOT^/Ml 3 6#|©7? ;t^b^57? / 

gsa^&fta^^K) Sr-^tf, ia?imoia?ij#-5§- 2 

t?St>§^-5T3: y^ga^feftSmrlEft: (1-ft:b*>, 

-c, Ba?ij*»sa?ij#^- 1 xmt> r ? y SMa^ b 

ft5$S!HfcK:ft5t«£f£;££ftTV^o 
[ 0 0 1 3 ] ^m<Dy°y^ 5 K^&v^Tii, V >v>; V 
yB^3-Kt5DNAl:ftit, ^/^UyB^a- 

b & 3- K-f 5 igsia^ij ia?ij*«ga^j#-^3 

mi y^y y vbst3- K-tsiisgajij (Mill ga?u 
aoia^Jis-^ 3 -T?*^$^s^«ia?ij(-fc^5m 1 1 # 

B©iSS~g&4 8 4#@cD*&£^feft3iiSga?iJ) frh 

B£=i-K-f 5*££E?iJ (09*. tf. ia?ij*wga^j#-^- 3 

■c* £ ft s i^sga^ij (c*5 ft 3 is 1 1 # 1 <DiM.m~m 4 

1 8|f|<7mS^ib&5i&Sia^l) ^b4SDNA, X 
3- K-f5*£SE2?iJ (fclfctf, ga?iJ*oga^J#^-3T* 

t>$tl5i£Sia?IJ(C*3(t?.m7 7#B»*&K~fl4 8 4 

# 1 <D*asd^ ft 5 ^sia^ij) & ft 5 d n a ft if *m 

[0014] JfWfto-fy^ 5 K^*5v->Ttt, y^y y 40 
>-b£=3- KtSDNAtfttt, y^-y y yBiiff 

^r=i— KfSDNA. X«y^y y ^Bllf&ft:^- K 

•fstssga^ij^-g-tfDNA^fflv^ r i ifix% 5„ y /v- 

y y yBiW^r^- KI-SiSgK^JSr^ifDNAi: u 
t, y^y y I'B&a — K-f5i£Sgay"lJ£-ati>DNA<D 
S^ir^ft^ Mill J&iW*. piBf*, jK^fK 
££-$fl£ftSL SLXi.i/'f'fi^-??- K^-SuPfrft 

ifcoa^»y/vy y yBiw^a'- Kft^iSKBa^ 
b ft 5 d n A%m ^5 r £ as-et 5„ 
[0 0 1 5] y >-Bx«y^y y yBMUfc*^ 50 t 
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-KtSDNAfi, «xJ3\ ^roifefl?«)¥)lf 
5r.i^u§5 0 ^MyyBcDNAXIi^/^!iy 

B Sfgffc c D N A & tf 7° 7 * ? tvT ^ 5 WiG- 

CR&ci^ftS) t-± •)3rM©DNA£&§Ul3l»-f 3 

■fstfisiayij&^t* c dn a (ga^ijaosa^j#^ 3 xm 

;b £ ft 5 i&mnm) %&Wir 577^?KpQ9 (7° 7 

- 1 8 9 7 7 1 ^mz-M^ztixisy , ^(Dmwjfe 

-rsv^zf?- KSr3- K-rs±^sga?ij (ga^JS<oga?ij#^- 
3 xmfr£tiz>&MmK$sft6Wi 1 1 #s©its~ig 
7 e #g ft stasia^) , ^ay^y y > 

b * 3 - K-r s*i£ga?ij (ga?ij^coga?ij#^- 3 -e* t> $ 

tu5iSSga^J^*3tt5M7 7#g(73igS-H4 1 81 

-rsitsga^j (mmmi^m^r 3 -est? 

^J(C*3(t-5^4 1 9 # I ODt&X ~3? 4 8 4#@<Z)J£i 
tftSi^Sga^iJ) Sr^tp©Tf, S^ft7°7^-7-Sri 
Buia7"7^? KpQ9^IHi:LtfflV^PCRS 

-r&zttfxzZo 

[0 0 16] PCRStCfflV^57°7-f Lttt, 0!l 

xifis ^- y ^x^-^r v y y h\ x\z-* v =? y 

*3?y i^t*§5o ir>-^7°7-f 

6~ioi) cDT5;y ifga^ij* => - sissga^ijro 

5' *V/^SffflfR<00B*&=' (AT G) 

-5, ft*J, ie^y/^f©7?y*a^ATGtfc5 

m-g-tctt, at Gnm^m^-r t at Gm^mmm-t 

r 5 y g?ga^ij §r => - b*i-z>i&mm%, ^<Dt.t.±y^ 

aiRH^jsw^sia^jt-H LTisircsw 
\zw^-tz>tmt>nz>s v^^s^if yy coffiij [k 0 

zak^, Microbiol. Reviews, 47 
m, f 4 51 (1 9 8 3f) ] iCfj£5i£Sga?IJ 

ACCATGG*#J)Bt?>rH, ^y^;i©4Ii 
[0 0 17] Tv=f^y^y°74~?-}i LXtt, MX. 

SKrorsyK&^tp) coftgcoft^ (a^, 6~io 

) ©7 5y^ga^ijsr=i-K-r5i&sga^j©3' ftij*^ 

, ^y/^yWilIRCO|f Jha (TAA, TAG, X 
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liTGA) EJiJSri MX tifflkB (jj*t<ttix«2 

X\ #*LV\, 

[0 0 1 9] #3BW©7°7*5 Kic&^Tffl^3r.i© 

p*-^-tf*>tbtf Weirs t ©-craft < , ^ 

^ y =r . y^-y* y t<dv ivy y y/at- #—.£(#•© 

^#5:/n*— *-££5M-3. mifa'7 0 n^-^-i L 20 

P^r-*- [if • jn^al?^*— *VV, 1390 
1 H~H3 9 0 71 (1 9 8 7 ¥) ] , T^f-^^n^ 

mia-t4*Ty?->y°v [r. wu 

^, • 7°7^ h-fe^K 3?2l*, fl6 3l~^17 1 
I (1 9 9 0#0 ] , ah-Wy/n*-^- (Wfctt 
^ r>^-n a-7aK'3ff yT'D^^- 7 — ) [Chr i s t 
ensen, 7°7 "S V ' * l/^fa y — • ^4 V 5 —, 
f 18t, 16 7 5K~06 8 91 (1 9 9 2¥) ] ^ 
XttTRl' /p^-f KliTR2' ^n*-? 30 

-m%mfz>~kfcx%% 0 m±t \,x4%-*m^z>Wi 

V) T R 1 ' 7*p*-*-^L< tt 

T R 2 ' T'p^"- 7~ [A. Vard if, 7°7 >- r- ■ 
fvfzc^*, |6 9t, f 1991-^2 0 61 (1 9 
9 o^) ] , XttXV yyV—^4 9u4 5S 

[T. Hidakal, Japan. J. 
Breed. , |40i, Sl99l~|2 0 7l (1 40 
9 9 0^) ] *S4$JtjSF*LV\ 

[0 0 2 0] A^g0/!©7°7^5 K^&V^t/lV^r £© 

7-5 ^-7 — T'fctttt* m\^Wf£. ZtiZ t> ©T'fift < s 
7^7 y =f • y=?-y*]) T©7^'7 V y $ — — 

©-e#3*-s*~*-£l:8fe-*"5. ifrffi7-^-7 50 
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-irLTfi, /^y ^-»-7~ t?*— s*— , #y 

yyV — ^4 9 t>4)^ 3 5 S7 — 5^-7— , Xti 
* * b v- y 7 — if 7 - 5 * - 7 " * * * ff 5 ' 1 7) 5 

>-7— i?7-5^-7-^£?* U\ flit L"C 5; 7J >" 
#icJif5W (#J*.tt\ u*yxtt*u>i?<$ ) Srffl 
v^-5±J-a-l-H> tf"7 r-tVv-:/7— £7-5^-7- 
[A. Vardil, 7°7 > h • D-^J.^, f§ 6 9 
t, f 19 9K~I?2 0 61 (1 9 9 0f) ] , XIZS 
y<]) i?7 — 5^— [T. H i d a k a 

Japan. J. Breed. , f4 0i, 119 
9I-I2 0 71 (1 9 9 0^) ] ^m^Jt.^\ m 

7°7^? K) "Cfl, Iftt*ALfcB, iE#t»aLft 
[0 0 2 1 ] A^SI^©7 0 7X?: KlE*3V>-C, SfrET'n* 

ia?ij©3' striae- 5 ^-^-Sr^tpfi^Jrt 
^-^^-^-©$ij«a^jsr#tpia?ij©5' 

mRNA©^Sffi^±ff5^^^"t*#5©-e 

m R N A ©^^-^©#trX \i^y°y4'yy f ic^L, Sc 

nyiLtlt 0!lx.tt\ t-r • f>$y—- M4yYny 

[Eatf^, 7^ -7? • t v's' k • y f-- ^, 118 

16 7 6 7l~f 6 7 7 01 (1 9 9 0f) ] , X 
(4 h 7^en 3 tf^f-^y-Y WnV [Chr i s te 
nsen, y°y V b • * U^r a y- • ^ v'— , ® 
1 8#, ^6 7 5H~^6 8 91 (1 9 9 2¥) ] 7i5ft 
ffl-Cf-So fe±b LX4 ^^JlV^«-a-«, h7*P3 

[0 0 2 2] #389! ©T^* 5 KTtts -Y^fn^lr^ 

^r^tfSa^Jts ^/u^ y yBxn^/^ y yBMUfcZ 

3-Kt5DNAi©M icjf A1" 5 - i * s & * b v \ 
fc\ ^/i^^ y ^BX(4^/^7 y ^B®fgf$?r3- K"f5 
DNA^-Sufe^ lsYvy*nA-fZ>Wiix\^, *©@ 

[0 0 2 3] #3gBJ©7"7^ 5 K©f#H¥JlIf4#l-PS5t 

$n5t©t?ttft<v «ti-eti|g1-5^i©-e 

y yB«fflft:^3" KtSDNA, Rril|lt«t5 

fc^lca^ft7°7^ 5 Kfc-ftl^ffAi-5 -it>t§5 
L, *timSiJ^(-5lSft7°7 7s5 KfclfiftffiA+Sr: 
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[0024] «[*-eaiaBi-SJit«5"c#a^B i e-!5 r - 

(Dffif-FJfSWDN ASrJf A1~5 r. i: W7?# Z>f$ffl.7*y* 
U'iLttt, $lxJi, pUBA [±fe^, 10 
7>fi?to^, 1 10 0#, Ml 5 0 3I~I1 5 0 
7 H (1 9 9 2f) ] , X(± p B I 12 1 (fu-yv- 

a«, /<-?4*A'#ymm<DB£m*&\z.m^zz.k 

^-iWWlCiaODNA A-r 5 r i # T* # 3 „ * 
fc, KpB I 12 1(1, T^p^t!) ^A^r 

^Lfc^A&^ffi^5-i^-Ct, 

* - k <Dffl icjffMcOD N A £r#A-f 5 - i a* t? # 

6. 20 

[0 0 2 5] LTffl 

Til, y =* • 7f7t y T§rl^<f£S<DfiStlSrffl 

^5rtas-e# % ii^«5&fflv^rtaW*b<, £ 
JHW&SrfflvS r t as J; 5 bv\ *iflSB»{C*5^ 

3g t < f±£!fl **p°o WJi!C*4 i: 1" 5 r i £ Sftt^ £Ic 

K £t > T7^-7-f4 (r/7t, 30 

=¥-r^y, 7'p 7 3!)-, 5gL< ii# y 77 

!7-*) , -fry 14 , <>v® ^ 

f4 U#y, jf-n^ 3gb< aix^-y^) , -7^4 

[0 0 2 6] flf^Lfc7°7*5; K«r«4fcfc»A1-S** 
iLTfl, «*©JEJSMESBfe4:L-CltScSix-CV^Stf* 40 
©7fffiSrfiJIH1"5riasi?^5o rco<t9^ffii bT 

Lfc*A*jfe4 if Sr*rf -5 r. 4: as-e£ 3. iSg^Afe fc 
LTIi, Wx.fi, hnjKl'-^aySXIt*!)! 
*f-vyy*y n— yi4fe£fflv^T;W#3:7 0 n ]-7°7* b~ itgc 

#A-r?>r i:as-e#5o fe&wi, ^p^-^^ 

5 ^-f^MyftXiir^n^^iJ <73, 
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<^3r.£as-et5o 

[0 0 2 7] *5SS07'7 ^ 5 KTWttttl&SrJBWEifc 

-r^m^-i-d, y yBxii^/v^ y >-Bgfaf$:^ 
y yB*t-> h fcfH-sr iasfcs) , Wti 

^ y yBXIJ^M y yBlWHflcSra— K1-5DNA, 

(c^A-rs-^as-etSo 

[0 0 2 8] iWfe-r-*-a^4: LTB, flUtf, ^ 

x n br r 7 * ^ iN4 *{e ae fc" ffl v ^ r k a s -e f 5 . 

k'fDM&te, t'77*^»tt (bar) itfe-f-^Tv^ 
S&-efet) [±(ft^E, 7 7^f • BIO 
0#, Hi 5 0 3I~I1 5 0 71 (1 9 9 2^) ] , 

-f ^^Ktt*^P [a. Vardif, y°yy V • 

zcy%, SI69^, Bl99l~f 2 0 61 (1 9 9 0 

m ] , xtt7j-7-7-r^>ifti4*e^L< tt^^a 

-7^f v-^Wttit-e^- [T. Hidakal, J a p a 
n. J. Breed. , B4 0t, f 199l~f2 0 
7H (1 9 9 0f) ] *t«ffc«F*LV\ 
[0 0 2 9] /<—*r4 7 /i-tfyfetj: k'tDmWMAfe&m 

\ut, Wx.fi, y yBX-b-y YkmWi-?—ti~m 

-7°7^.^K (Wxii, pUC19) iC^P-Vftb, 

(1) K±{'f*«P^-S-t2»A1-5r t t-e 

f5U fc^v^tt (2) gi|*©77^? K±fc{*#£ 

3f 7 y77t-^-">Hy) 

ti«*^Wte^-rs®^(-«^ Wxii, y 

-TJ-itft^-TJir y h0**fi^57 , 7^5 L 
T, b a r itfET-aS-f ^T^^V^n-e- ^-t J ^) 

yyyy--^?~%*—y--k(DT&\z.^-£.thX\^Z>y°y 

75 KpDM3 0 2 [R. Wu^, y°7V 

y, II It, 15 8 6 M-W, 5 9 11 (1 9 9 2 
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tt5^5^5K, RtWWB^^? KpDM3 0 2© 
2 SHOT" 7* 5 KDNA^lta h7^7*- 

[0 0 3 0] *fc#3SiHTN 7/n^^r!)^^t 
/c*A&£ffl^T*^©7°7* =: K^fiMMMS4rJBK 

tST^p^^f y v -^y — y°?*x \?*{¥ 

j£U »W^Ai-5rt^-C'#5c 09*.tf, 9>v io 

W!)yBcDNA) ^W^B 

ttSfE-r-^^r-rs/^-^y — <^^-p b i m©* 

y 77 17— ^IfV ^ jMA-* 3 5 S/n^^i/^ 

[0 0 3 1] r©J;5fcUX#fefufca^¥-*5»Abfc 

|PHS*»fe» ^i^y-^^^CD±, ffit©7JftTWt»#:£: 20 
($Jx.tt\ fcTT 9*^Wtt3t^©*& 

t'T7*^10ppm) S.tJ ? W^I*^ ; E->'Sr'^'tf 

it^^AI-J; 9f^W^LfcM {fiivX) Sr#5d 
tt\ f77^ 1 0 p pmSotW/wy^Nes 

m w#u jesc, ($ixtf> t77 

^10p p mRXfm^J^y^tfMSmi&) 7?ig 30 

ft ft, W^fi?<r>9^9 y yBXft^^^ y >bsw© 
[0032] r. <d i; 5 lt# ibn7tMR$Bt&»X(3 

&) SrflfcWU M9lfti5H*« 5 0mM-Tr 

i!^?7r- (pH7. 0) , X\t0. 0 1 5Nfifc®? 40 

jffisOft&WiK C^Rtf, 0. 5M-NaCl^tf5 0 
mM-Tr i j^y77- (pH7. 0) , XttO. 0 
5 N«f ] SrAft, -Rj&iS^ 5tttUU ^^Ji'B 

yL\x?)v? y yB«ia«*littl*Sr#Swi:ds-et5. " 

(cj; t)itRS:|HlilRi-5. r.©fti££0. 2Mgf^2. 5 

mi \mmu mm^yj^PDi o (77^->7tt 
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rtci!), j7/u^ y yBXtt7^ y yBM&.fc%'& 

5rir^t*#5 0 y yBXIi^M y 7B» 

V y yBXlW/^ y ^BlgfflffSr^A/'Cv^tfWfcR 
5t£ti/f, te&^ft* XW:*:©— SB, 09*.fcf, I, 

hits, «u xtta^ft^srttffl+s-fc 

7?t5o 

[0 0 3 3] #3&Kfc<fc3&!*Wffl8Jtt, 

tistw-t-ttftv^, myk^-tik-sm (Mi 

fi, T*a^try$Xfii1^ft^) Sr^JPbfc^ti, 

*VtV^#£*l ($JxJf, «*if©ffiXf4®AU^) 
*«WlcJ;5ifc!**WWffilSrSaiPl-ari:fc 1 t!J, T 

**W©iHJl^|ilHSISrasaW"f5ii:^J;!3, Slft^Pfi 
[0 0 3 4] *mW<DWMfcWtM.miL, ^foUfa-k^n 

*.tf, fiffl?*^, ^y7>y, 

^i/yv7, •y s *v^ ^N-y-y-^, -ra* 

f7:\ ^MyyBXIWMy7B 
tl^nS#t4^* : S^^^L■t^^v^^Ma!bfc J; 5 I-T7 

[0 0 3 5] 
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wmWM? y /'B^a- K1"5 c DNA, RXfi"? 

•^vvfiB^Jte-^tf flSffiftE5U«r£fc ^-tirfcMft-^f- 
^-irpft:^^^^ y yB&a- K-fS c DNA&PC 

*L5£££S5lja» b457'7^v-CURC4»2ggS; 

L s ^#M¥6- 1 8 9 7 7 l^fR^iaft 
<7>7°7^5 KpQ9^iit U i#*gfflB#Ht tTP f 
u-DNA^y^7-1f~ &Slt) Srffl^-CPCRSrtT 
ofc c fc*S, /7X5KpQ9lt #i¥6-189 7 
7 1 ^<k$R«Hifc$J 1-10 {Cfeftc^icj; 19 HSL 

ti|LfcmRNA^fflV^cDNA7^7"7y^M 
U WPVA©7 5/iBM 3 - 1 9 0 8 

£ (' i 9 7 0 7 * 5 K P Q 9 Sr#fc 0 

[0 0 3 6] i#tM£ftfcDNAlWt£*lrS^^-p 
UC19 CKffi&M) OSma I ffiflfclE* P*- fflS tfc 

BamHI OWftftft) RtfSacI 0W£Kr» 
©2MJ»r£U ^MUyBcDNA^tfDNAlf 

UBA [±(£4*. 7°7^h • •7 4$?*vi?—, mi 0 0 



#, Ml 5 0 3l~Il 5 0 71 (1 9 9 2f) ] <DB 
amHlWiiSa c I k <Dffl\Z&&1- Z *T ? ft 
^»tt (bar) W& z FtWMtZ> : fc~Zy''f?u~-=.> 
^L, 7*7^5 KpMCU4 2S:#fc. pMCU4 2 



(8) 10-215884 
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* i/Bit^ £WLTV^ 0 @ll^ 7*7^n*pMCU 

4 2©flBtSrS^WK:* , f. 0 1 d^T, r n o s j 

[0 0 3 7] PHRIC, ftffa7 s 7'l'-7-CURN lxvia 

?|J#^- 6 -e*t? $ t^iSSIE^ 5 -e— c u 

RC 5<0 2ttilW:/7'-f-e--&ffl^T, MIS© J; 5 1^ 
DN Afrit fctHSU pUC 1 9<7>Sma IgR&tr^P 
— BamHI IffS a c I i#l»TU 

pUBACB amH iSH&i Sac I g|5{4 1 ro|SHc#& 
10 ^3 t*T7**ffiftt (bar) bW&tZMxy- 
p— ^y^U 7"7^n*pMCU4 3*#fc, P 

MCU4 3I1 5^-*-/HE5iJtt£tf asj|ftE5llSr^*S 

*TLTV>fc. H2(C, KpMCU4 3©*5g*r 

ws$t$c7Ft* la2^c*^v^-c, r n o s j f±y/-^y 

[0 0 3 8] 

[HJSW2] >f.*©JBK<afc 

2 - 1 . gam?** h <Dmm,mm 
20 4 ^shm^^mo^mmi-i^Wik, 3. 5%«e» 

gL, 2 5 °CHf ffi X*m% LfCo 6 B ft N m± LX $ 

tcffim$<Dfy*mtti Lit, wtH Ltzmmnmrnz: ±\z 

Lt*;^liigiA©Aofe6 cmv-t-H^ 
7t 0 3fc-<7jf±^411 cm»Rjil±lc:ftoTl 0-2 Ofi 
l^t'73 y hfflv--r-l/t Lfc 0 
[0 0 3 9] 

30 mi] 













N 6 


N 6 


MS 






SHUT 






2 0 


2 0 


1 0 


y^ef-;v(g/i) 


0 


0 


5 0 


2, 4-D(ppm) 


3 


3 


0 


N A A (ppm) 


0 


0 


0. 5 


ft 4 {ppm> 


0 


0 


0. 5 


Va? (g/l) 


4 


4 


4 


bTT (ppm) 


0 


1 0 


1 0 


P H 


5. 8 


5. 8 


5. 8 



MStt^ll^t TN6j tt, 4 6 3m 
g/l- (NH 4 ) 2 SO^ , 2 8 3 Omg/ 1 ~KN 
O s , 4 0 0mg/l-KH 2 P 0 4 % 1. 6 m g / 1 
-Hs BQ 3 % 4. 4mg/ 1 ~Mn SO4 • 4H 



50 



2 O, 1. 5mg/l~ZnS04 * 7 H 2 O, 0. 8 
mg/l-KI, 166mg/l-CaCi 2 • 2H 2 
O, 1 8 5rag/ 1 -Mg SO4 ■ 7H 2 O, 37. 3 
mg/l-Na 2 -EDTA, 8 m g / 1 - 
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FeSO, • 7H 2 O&ESfeU ^S3SBM^>M\^ 
1-TMSJ fi, 1650mg/l-NH4 NOs , 19 
00mg/l-KNO» , nOmg/l-KHi PO 
t % 6. 2mg/l-H s BO. v 22. 3mg/l- 
MnSO< • 4H 2 O, 8. 6mg/l -Zn SO< • 
7H 2 G\ 0. 83mg/l-KI, 0. 25mg/l 
-Na : Mod • 2H 2 CX 0. 025mg/l-C 
uSO< • 5H 2 O s 0. 0 2 5mg/l-CoCl! 
• 6ft (X 4 4 0mg/l-CaCh • 2ft O, 

3 7 0mg/l-MgSO ( • 7 H 2 O, 37. 3mg 
/1-Nai -EDTA, RTJ27. 8mg/l-Fe 
SO, • 7H 2 O&jgifcU rtr^S^j ii, 0. 5m 
g /U3fy|, 0. 5mg/ll^y K^v/^tl, 
lmg/lfT^M, W2mg/1 ^ fV&S 
nfcU r 2, 4-DJ Ii2, 4-^no7i7^S 

[0 0 4 0] 2-2. s<-TJ t )V13V\Z. 

A 

*f>V2 6 0 £Jf V^c %mm 1 T«^bfc7°9^ 5 Kp 
MCU4 2XttpMCU4 3 \?T 7 *^%\WM&1- 
^|ft5pDM3 0 2 [R. Wu|, -fyl/ YtiVVifs 
— s y, Silt, il 5 8 6 H~i? 5 9 11 (1992 
*£) ] fcSrl : 1 fcja&UfcDNAttl 6 M 1 gjsjll 
[SHMWJfil^, ^4i, 14 31^14 81 

( 1 9 9 2¥) ] tiCT, l^^nyM^-r 
.Y^U Hffl^nv^^yV (#) £5Hi\ SIS 
SLfCo l#afc!)0. lmgtfifMO. 4/igD 
NA£^tf#£, v-a S> hffl^-Y-l/t-2#^a yhh 

x =#yhr^^8iHi, iWfraft^ 6 c 

m) 4 2ffia©ite^-lr^ALfci 0 
[0 0 4 1] 2 - 3 . j^WIEKi*yi'^oasy(f*R'0«W 

Wffi^l« 2 - 2 T v- a y b Lfc V-y - U £ 9 EiMfe 
£s StRI^J t*T 7 tf: * 1 0 p pmSrH^tf, SU(- 
9sk-fD;uxmm%MB 2 5 *CW6F^fT? 7 B ffl 

itigLfc^ Wflff (3 0 0 0 1 u x) T-tgllSrSlgcL 

fc 0 4 ~ 8 hwjt?*^ WAC i 5 trr 7 **»tt 

frxtfUWUH B -CitJSBS* U pMCU 4 2 "ejgfO 

$Hfc^^rt*W*^^MCU4 2 - 1 5 pMCU 

4 3 fttcf ^A^©*y«MCU4 3-4 
6 t $r#fc 0 r.CD*yW^ £f? 1 ^-tS^fktgili-^W 
U 2 5°C, 3J3f (3 0 0 0 Lux) 4 ~ 8 SPfllg* 

[0 0 4 2] 

[SKf!|3] Vx.X9*sWftK-X.Z9/l'9 y ^B^V 



(9) #M¥ 1 0- 2 1 5 8 8 4 
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/^^Sl*f4»ttf±itt, */W^0. 1 g|C50mMMJX 
-II (pH7. 0) 2 0 0 |i 1 
K^^y^ f"— T'ttt±iLfc 0 #btl/fctttti^^l 2, 
0 0 0 r pm-Cl O^S'L-U ^T©±jl?SSr^ 

5 0 n g WjfcOSSftSr 15-2 5%^7v i iVfSDS 
*"!)7^!J^7 5 K^A- (H— ft#> -r/^^-fM 9,% 
flcfn*®WU PVDFjRliHE^UfcfL ^-^fet^A- 
^ y VBiiiltS:— *6tft:fc, HRP|iS7f^'I gG 

[0 0 4 3] Z (D'lfc^m 3 0 1/-VKJ, 7°7 

*5 KpMCU4 2(CJ;5^W$5^*^^MCU4 2- 
15<0jfeftfc, l/-y2lt r?^5KpMCU4 3C 
J:3^S^*^©MCU4 3 -4 6 ©S5r, 

20 f©^/i'^ !) yB^^^f ©M^tfc. 3¥MW 

[0 0 4 4] 

UMM2X^hfltc^^tl^^MCU4 3-4 6CD4 0 
gSr?L#i:A#ftffiV^T«E»U 5 0mM-Tr i s- 
Sl^?'7r- (pH7. 0) 8 0mltiWU JS'fr 

it^^O. 5M-NaCl^tf50mM-Tris 
30 -ffl^?7r- (pH7. 0) 8 0ml£Ai-k — Ife 

tifJiWRilElJDlL*:. r»i(t^^0. 2M«2. 5 

$1) %m^XWH&L±« :5U#W:7/^!lyB 
^v/^R^r^-tfiafiSW^&^^b, 0. 5M- 

Na C 1 Sr-etf 5 OmM-T r i s -£t^y7r- 
(pH7. 0) 3mll^|Lfe„ 
5%^ (S— fb^fclS, ©SDS-*"!i 

ft 40 r ^ y /ur ? K^/W«M»»l-« ^st It, P V D F 

m\cm%mz.7"v v y bit. r^ji^^^-v-^y y r 

7'pf^>'v"-^>'t t - (|#PPSQ10) (iJ:<9 

otitw;; iWEJiiifls, E^K^ia^w^- 7 xm 

/m&H-i, lALfc cDNAOigSIE^J^b'f'fi^tL 
ST 

50 [0 0 4 5] 
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win 



U # b^fcSftftjlft** 2 5 m g Sr* 1 2 m UC* 
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[0 0 4 7] 

/i/^ y yBxa^/^ y yBSMfrSr^i^^a- 

[0 0 4 8] 

[SS^J*] 

[0 0 4 9] ga^lJS-^ : 1 
ga?IJ(D*§ : 1 1 4 

fizgig : ^>v^ic 

: : * y • 7^7^ y 7 (Curculigo 

latifolia) 



[0 0 4 6] Wfi6K*tt:KTfc* , t*IR^^*bfc. i" 
ftfr^ teC&ic, 0. lM^^^Bt7K^R3m 1 SrP 

/I/Xft^yhn^ty7>3m 1 £ P 3 #[W^ 
1"V\£&lc, ffiK, 0. lM^xyi*i!3ml5:P 



Asp Asn Val Leu Leu Ser Gly Gin Thr Leu His Ala Asp His Ser Leu 

15 10 15 

Gin Ala Gly Ala Tyr Thr Leu Thr He Gin Asn Lys Cys Asn Leu Val 

20 25 30 

Lys Tyr Gin Asn Gly Arg Gin He Trp Ala Ser Asn Thr Asp Arg Arg 

35 40 45 

Gly Ser Gly Cys Arg Leu Thr Leu Leu Ser Asp Gly Asn Leu Val He 

50 55 60 

Tyr Asp His Asn Asn Asn Asp Val Trp Gly Ser Ala Cys Trp Gly Asp 
65 70 75 80 

Asn Gly Lys Tyr Ala Leu Val Leu Gin Lys Asp Gly Arg Phe Val He 

85 90 95 

Tyr Gly Pro Val Leu Trp Ser Leu Gly Pro Asn Gly Cys Arg Arg Val 

100 105 110 

Asn Gly 

[0 0 5 0] ga?IJ#-^ : 2 ^ffi?lJ<D»! : 9 V^ff 

gB^JOftS : 1 5 8 1SM: £M*% : * U =* ' 7f7t V 7 (Curculigo 

m^\<Dm : 75 /B£ ^ latifolia) 

ga?ij 

Met Ala Ala Lys Phe Leu Leu Thr He Leu Val Thr Phe Ala Ala Val 

-20 -15 -10 

Ala Ser Leu Gly Met Ala Asp Asn Val Leu Leu Ser Gly Gin Thr Leu 
-5 15 10 

His Ala Asp His Ser Leu Gin Ala Gly Ala Tyr Thr Leu Thr He Gin 

15 20 25 

Asn Lys Cys Asn Leu Val Lys Tyr Gin Asn Gly Arg Gin He Trp Ala 

30 35 40 

Ser Asn Thr Asp Arg Arg Gly Ser Gly Cys Arg Leu Thr Leu Leu Ser 
45 50 55 



(11) Wfflspl 0-215884 

19 20 
Asp Gly Asn Leu Val lie Tyr Asp His Asn Asn Asn Asp Val Trp Gly 

60 65 70 

Ser Ala Cys Trp Gly Asp Asn Gly Lys Tyr Ala Leu Val Leu Gin Lys 
75 80 85 90 

Asp Gly Arg Phe Val lie Tyr Gly Pro Val Leu Trp Ser Leu Gly Pro 

95 100 105 

Asn Gly Cys Arg Arg Val Asn Gly Gly He Thr Val Ala Lys Asp Ser 

110 115 120 

Thr Glu Pro Gin His Glu Asp lie Lys Met Val lie Asn Asn 
125 130 135 

[oo5i] mm^ : 3 * nm<Dm mm 

Sfl?'J<£>ft£ : 1 1 6 6 * Ifi^J^WS : cDNA to mRNA 

CGCAAAGACA ATG GCG GCC AAG TTT CTT CTC ACC ATT CTT GTC ACC TTT 49 
Met Ala Ala Lys Phe Leu Leu Thr He Leu Val Thr Phe 
-20 "15 -10 

GCG GCC GTC GCT AGC CTT GGC ATG GCC GAC AAT GTC CTG CTC TCC GGG 97 
Ala Ala Val Ala Ser Leu Gly Met Ala Asp Asn Val Leu Leu Ser Gly 

-5 1 5 

CAA ACT CTG CAT GCC GAC CAC TCT CTC CAG GCG GGC GCC TAT ACC TTA 145 
Gin Thr Leu His Ala Asp His Ser Leu Gin Ala Gly Ala Tyr Thr Leu 

10 15 20 

ACC ATA CAA AAC AAG TGC AAC CTG GTG AAA TAC CAG AAC GGG AGG CAG 193 
Thr He Gin Asn Lys Cys Asn Leu Val Lys Tyr Gin Asn Gly Arg Gin 

25 30 35 

ATC TGG GCT AGC AAC ACT GAC AGG CGG GGC TCC GGC TGC CGC CTC ACA 241 
lie Trp Ala Ser Asn Thr Asp Arg Arg Gly Ser Gly Cys Arg Leu Thr 
40 45 50 55 

TTG CTG AGT GAC GGG AAC CTC GTT ATC TAC GAC CAC AAC AAC AAC GAC 289 
Leu Leu Ser Asp Gly Asn Leu Val He Tyr Asp His Asn Asn Asn Asp 

60 65 70 

GTG TGG GGG AGC GCC TGC TGG GGG GAC AAC GGC AAG TAT GCT CTT GTT 337 
Val Trp Gly Ser Ala Cys Trp Gly Asp Asn Gly Lys Tyr Ala Leu Val 

75 • 80 85 

CTT CAG AAG GAT GGC AGA TTT GTC ATC TAT GGC CCG GTT TTG TGG TCC 385 
Leu Gin Lys Asp Gly Arg Phe Val He Tyr Gly Pro Val Leu Trp Ser 

90 95 100 

CTT GGC CCT AAT GGG TGC CGC CGT GTT AAT GGT GGA ATC ACA GTT GCT 433 
Leu Gly Pro Asn Gly Cys Arg Arg Val Asn Gly Gly He Thr Val Ala 

105 HO 115 

AAG GAT TCT ACT GAA CCA CAA CAT GAG GAT ATT AAG ATG GTG ATT AAT 481 
Lys Asp Ser Thr Glu Pro Gin His Glu Asp He Lys Met Val He Asn 
120 125 130 135 

AAT 
Asn 
136 

TAATCAAGTG AGAGGATTGT TATGAGAATA ATGAGTGGAA TGGAAGACCA ATCTCATGTC 544 
GGTGTGGCCT ATCTCCACCT GTTTGCAGTG CCTTTGTTAA AATAACACAT TGGGGAATAA 604 
TAAAGTGAAA CTATATAGAT TGGTTCAGCA AATTTTCTGT TCAGTTTTCC TCTCACATGT 664 
CAATGTCGAT TTTTTGCCGC GGATCATACA TGTGCTTGGT ATTCTAATCG ATAGAATTAT 724 



(12) 



[0052] saw 



21 

GGCTCAAATG 
GAATTATAAC 
GCTAGCCGAA 
TAGAACGACG 
CTTTTCACCA 
AATACCACAG 
GAAAATAGAA 
GTCTGGAATT 



GAGGCAGGGA 
AAGATTCAAG 
GTTTATTCCC 
CATGTATTGC 
CCGAAAGCAC 
TCACTGCCAT 
CTGCTTAAAC 
TCATTACGTA 



TTATGAGAGT 
GATGCATCTG 
AGAGCTAGAG 
TTCCAGGAAT 
CACCAATTTC 
GGGGTCCAAT 
TTGCGGTACA 
AA 



TTATTCGCAT 
AGAGCCAACT 
GAAGTTCGCT 
CACTTCCAGC 
AGCACCATTG 
CCACTTGAAA 
GAGTTATTTA 



CTCCGGGTCT 
TAACGTCTTA 
GCCATGGTTG 
TTCTCGACAC 
GTAGGTATAT 
ATAACTTCAG 
TTTCAATTGC 



0- 2 1 5 8 8 4 

22 

TCCAACTTAC 784 
CATCAAAGGA 844 
ATAGTACAAG 904 
CTCCAGTGGC 964 
TTACATTAAC 1024 
GTCTACGAGT 1084 
TTCTTTCAGA 1144 



1166 



10 TVfty^ : N o 



* 



GGATCCACCA TGGCGGCCAA GTTTCTTCT 

[ 0 0 5 3 ] ga?IJ#^ : 5 
ga^J(7)ft§ : 2 9 

aa^ij^s : mm 



29 



h/KP^ : 



T^f-ir^-^ : Y e s 



[0 0 5 4] Sfl» 
ia?IJcOft^ : 2 9 



ga?y 

GAGCTCCTAT TAATTATTAA TCACCATCT 
■¥r : 6 



29 



yy^^y^ -.Yes 



mm 

GAGCTCCTAT TAACCATTAA CACGGCGGC 
=-§■ : 7 



[0 0 5 5] K^J 

ga^ft£ : i o 
sa^j^M :7?yi 

mm 

Asp Asn Val Leu Leu Ser Gly Gin Thr Leu 

15 10 

[01] b 3^ Wf^n^^SW ^ 

Rvffiftga^ij i ^ asaM?*®^^ ^bc dna& 
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^^-«i$bfcy 0 9^? KpMCU4 2<0«R&«:*j£« 
[0 2] b =i v^tr ^f^p^^RW v 

30 b p yfii^ ^^^/wia^jR^^M^^^ y 

5^-^-«rigj|gb*:^9^5 KpMCU4 3(D«^£ 



[ 



[01] 



[02] 



nos 




1 - nos 
♦ I 



i 

BamHI SacI 



zi — ^ 



PMCU4 3 



PMCU4 2 
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[0 3] 



51 kd- 

36kd~ 
29kd- 

21 kd 



1 2 3 



■?<sici;i.{:^? •<> is? • & «. $x« /n • , r- 



SSHKSKiSiM? 



W?i..Y.-, 



5- N . . - 



... „ 

Jill f»il^iffi|iff« 





«... 

. 




.S:'v>» 



.:. .: • V c -<. ... 



'.V, : :>1:' 



...iil 
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C 0 7K 
C 1 2 N 
C 1 2 P 

//(C 1 2N 
C 1 2 R 
(C 1 2N 
C 1 2 R 
(C 1 2 P 
C 1 2 R 



14/415 
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21/02 
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1:91) 

21/02 
1:91) 



ZNA 



(72) mm 

$M«HSKliR 7-4-7 

(72) mm e- 

#£J 1 1 ^rfftt^J 1 1 K-t & PTT38 

tt^jii»issm^kizspwiwr760#tti 
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C 0 7 K 


14/415 




C 1 2 P 


21/02 


C 


C 1 2N 


5/00 
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ABSTRACT 



Curculin C of the present invention has an intrachain 
disulfide linkage formed between the 29th cysteine resi- 
due and the 52nd cysteine residue and interchain disul- 
fide linkages formed between the 77th cysteine residues 
of two curculin C monomer chains and between the 
109th cysteine residues of two curculin C monomer 
chains, thus giving a dimer, and the monomer has an 
amino acid sequence as specified in SEQ ID No: 1. 

1 Claim, 11 Drawing Sheets 
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FIG.2 
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FIG. 3 



•Taste-modification activity 
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FIG. 4 
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F/G. 6 
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FIG. 7 
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LEP-3 

CH-6 ?J h CH-4A' 



35 40 45 50 55 60 

L-V4(-YHH^^1-W-A-S^T-M^^S^^-L-T-L-L-S-I)-G- 

LEP-3 -!,L u„ 

CH-4A ri U~ CH-4B ~r! k CH-10 



54 — T-ll 



65 70 75 80 85 90 

N-L-V-I -Y-D-H^^M-^^S-A^-f-G-l>-N-€-K-Y-A- L-V-L-$-K- 

— LEP-5 — il It- LEP-2 



so 



T-ll 



I 



*7 90 



95 100 105 110 

IHHi-F-V-I-Y^-V-L-i-S-L-G-P^Hr-C-R-R-V-N-G 

! j 



CH-13 102 103 — CH-B3 1 1 4 
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Absorbance 



fig. 8 
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CU1RCULINC 

This application is a continuation of application Ser. 
No. 07/934,722, filed Aug. 24, 1992, (abandoned). 5 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to curculin C (one of curculin 
homologue) having a stable and potent taste-modifica- 10 
tion effect, which is obtained from Curculigo latifolia. 

2. Description of the Prior Art 

The present inventors formerly found out a substance 
serving as a taste-modifier, which was named "curculin 
(curculin homologue, hereinafter referred to as curcu- 15 
lin)" by them, from Curculigo latifolia fruits growing in 
Western Malaysia and the southern part of Thailand 
and belonging to the genus Curculigo of the family 
Hypoxidaceae or Amaryllidaceae. Further, they found 
out that this curculin was a protein and that a sour 20 
material or water taken after eating it would taste sweet, 
and applied for a patent based on these findings (refer to 
Japanese- Patent Laid-Open No. 104263/1990.) Subse- 
quently, they succeeded in highly purifying this protein 
curculin (one of curculin homologue, hereinafter re- 25 
ferred to as curculin A) and applied for a patent on a 
taste-modifier having the amino acid sequence thereof 
(refer to Japanese Patent Laid-Open No. 190899/1991). 

In spite of the accomplishment of these inventions, 
however, it has been desired to develop a substance 30 
having a more stable and potent taste-modification ac- 
tivity. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 35 
curculin C having a stable and potent taste-modification 
activity which has a novel amino acid sequence and 
occurs as a dimer. 

In the curculin C of the present invention, an intra- 
chain disulfide linkage is formed between the 29th cys- 40 
teine residue and the 52nd cysteine residue, while inter- 
chain disulfide linkages are formed between the 77th 
cysteine residues of two curculin C monomer chains 
and between the 109th cysteine residues of two curculin 
C monomer chains, thus giving a dimer, and the mono- 45 
mer has an amino acid sequence as specified in the fol- 
lowing sequence list: 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a CM-Sepharose ion exchange chromatog- 
raphy elution pattern of a curculin C which is obtained 
from Curculigo latifolia fruits through washing with 
water, extracting and salting out. 

FIG. 2 is a Sephadex G-100 molecular sieve chroma- 
tography elution pattern of the peak (B) in FIG. 1. 

FIG. 3 is a graph showing the activity of curculin C 
comprising the highly pure taste-modifier according to 
the present invention. 

FIG. 4 is an HPLC elution pattern of a peptide ob- 
tained by digesting S-carboxamidomethylated curculin 
C with lysyl-endopeptidase. 

FIG. 5 is an HPLC elution pattern of a peptide ob- 
tained by digesting S-carboxamidomethylated curculin 
C with chymotrypsin. 

FIG. 6 is an HPLC elution pattern of a peptide ob- 
tained by digesting S-carboxamidomethylated curculin 
C with trypsin, 

FIG. 7 shows the amino acid sequence of curculin C. 

FIG. 8 is an HPLC elution pattern of a peptide ob- 
tained by digesting the highly pure curculin C with 
trypsin. 

FIG. 9 is an HPLC elution pattern of a peptide ob- 
tained by digesting the highly pure curculin C with 
thermolysin. 

FIG. 10 is an HPLC extraction pattern of the peak 
E4. 

FIG. 11 is an HPLC extraction pattern of the peak 
E4-1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Curculin C of the present invention can be obtained 
by, for example, the following method. 

First, water is added to Curculigo latifolia fruits or 
the sarcocarp thereof and the mixture is homogenized 
and centrifuged. The supernatant thus obtained has a 
dark brown color. Further, water as much as, or more 
than the starting fruits or sarcocarp is added to the 
precipitate and the resulting mixture is homogenized 
and centrifuged. Water-washing is repeated until a col- 
orless supernatant is obtained. Thus a precipitate is 
obtained. None of the supernatants show any taste- 
modification activity. 

Next, the precipitate obtained above is extracted with 



Sequence list: 

Asp Asn Val Leu Leu Ser Gly Gin Thr Leu His Ala Asp His Ser 15 

Leu Gin Ala Gly Ala Tyr Thr Leu Thr He Gin Asn Lys Cys Asn 30 

Leu Val Lys Tyr Gin Asn Gly Arg Gin He Trp Ala Ser Asn Thr 45 

Asp Arg Arg Gly Ser Gly Cys Arg Leu Thr Leu Leu Ser Asp Gly 60 

Asn Leu Val He Tyr Asp His Asn Asn Asn Asp Val Asn Gly Ser 75 

Ala Cys Trp Gly Asp Asn Gly Lys Tyr Ala Leu Val Leu Gin Lys 90 

Asp Gly Arg Phe Val He Tyr Gly Pro Val Leu Trp Ser Leu Gly 105 

Pro Asn Gly Cys Arg Arg Val Asn Gly 114 (SEQ ID NO:l) 

an aqueous solution of a salt having a concentration of 
The curculin C of the present invention is a sweet- 60 0.0 1M or above. Thus a crude extract containing a cur- 
ness-inducing substance and can be properly added to, culin C is obtained. 

for example, foods, drinks, feeds, pet foods and drugs as Examples of the salt include hydrochlorides of so- 

a sweetener which occurs as a stable dimer and has a dium, potassium, calcium, magnesium and ammonium, 
potent taste-modification effect. phosphates of sodium, potassium, calcium, magnesium 

Since the amino acid sequence of the curculin C of 65 and ammonium, carbonates of sodium, potassium, cal- 
the present invention has been already determined, it cium, magnesium and ammonium, sulfates and sulfites 
can be produced on a mass scale by chemical or genetic of sodium, potassium, calcium, magnesium and ammo- 
engineering techniques, which is highly advantageous. nium, nitrates and nitrites of sodium and potassium, 
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lactates of sodium and calcium, alum, burnt alum, so- 
dium acetate, pyrophosphates of sodium and potassium, 
propionates of sodium and potassium, sodium benzoate, 
sodium fumarate and polysodium acrylate. 

The extraction with the aqueous salt solution as de- 5 
scribed above may be effected, for example, as follows. 

After the completion of the above-mentioned wash- 
ing with water, a sodium chloride solution is added to 
the precipitate thus obtained, and the mixture is homog- 
enized, centrifuged or filtered to thereby give a crude 10 
extract containing a curculin C. 

Next, the crude extract containing the curculin C 
thus obtained is purified in the following manner so as 
to give a taste-modifier of a high purity. 

The above-mentioned crude extract may be purified 15 
by salting out with, for example, ammonium sulfate, 
sodium sulfate, potassium phosphate, magnesium sul- 
fate, sodium citrate or sodium chloride and treating by 
common chromatographic procedures. For example, 
the precipitate obtained by salting out with ammonium 20 
sulfate is subjected to CM-Sepharose ion exchange 
chromatography followed by molecular sieve chroma- 
tography. Thus the target curculin C of a high purity 
can be obtained. 

The amino acid sequence (primary structure) of the 25 
highly pure curculin C thus obtained may be deter- 
mined by reducing the highly pure substance, blocking 
the SH group thereof, hydrolyzing with an enzyme 
such as trypsin, chymotrypsin or lysyl-endopeptidase, 
purifying each peptide fragment by HPLC using an 30 
aqueous reversed-phase column and then determining 
the structure of the peptide fragment. 

Curculin C, which consists of a dimer of a protein, is 
obtained in the form of a stable protein having a high 
taste-modification activity. The dimer is obtained by 35 
forming interchain disulfide linkages between the 77th 
cysteine residues and between the 109th cysteine resi- 
dues. 

The interchain linkage is identified by fragmentating 
the highly pure curculin C with the use of various pro- 40 
teases such as thermolysin or trypsin, purifying a pep- 
tide fragment containing cystine from among the ob- 
tained fragments by, for example, HPLC, determining 
the structure of this peptide fragment and comparing it 
with the primary structure. 4-5 

In the monomer of the curculin C of the present 
invention, furthermore, the 29th cysteine residue forms 
an intrachain disulfide linkage with the 52nd cysteine 
residue. 

This intrachain linkage is identified in the same man^ 50 
ner as the one described above regarding the interchain 
linkage. 

Namely, it is identified by fragmentating the highly 
pure curculin C with the use of various proteases such 
as thermolysin or trypsin, purifying a peptide fragment 55 
containing cystine from among the obtained fragments 
by, for example, HPLC, determining the structure of 
this peptide fragment and comparing it with the pri- 
mary structure. 

Curculin C thus obtained can be used as a taste- 60 
modifier. Further, it is preferable that the highly pure 
curculin C is used in the form of a liquid seasoning of a 
concentration of 10~ 7 M or above or a solid seasoning 
of a concentration of 10 ppm w/w % or above. 

The highly pure curculin C according to the present 65 
invention, which has the above-mentioned amino acid 
sequence, may be synthesized by an appropriate 
method, for example, solid-phase synthesis, partial sol- 



id-phase synthesis, fragment condensation or solution 
synthesis, in .accordance with the amino acid sequence. 
Alternately, it may be obtained by recombinant DNA 
techniques with the use of a suitable host. 

Example 1: Water- washing and Extraction with 
Sodium Chloride Solution 

30 g of the sarcocarp of Curculigo latifolia fruits was 
homogenized together with 40 ml of water and then 
centrifuged at 12,500 r.p.m for 60 minutes. The obtained 
supernatant had a dark brown color and showed no 
taste-modification activity. To the obtained precipitate 
was added 40 ml of water and the mixture was homoge- 
nized and centrifuged at 12,500 r.p.m. for 20 minutes. 
The obtained supernatant was colorless and had no 
taste-modification activity. 

To the obtained precipitate was added a 0.5M sodium 
chloride solution and the mixture was homogenized and 
centrifuged at 30,000 r.p.m. for 60 minutes. The super- 
natant thus obtained was colorless and showed a taste- 
modification activity. Further, extraction with 40 ml of 
a 0.5M sodium chloride solution was repeated twice. 
Then the supernatants were combined to thereby give a 
crude extract containing a curculin C. 

Example 2: Salting Out with Ammonium Sulfate 

To the crude extract obtained in the above Example 
1 was added .ammonium sulfate so as to achieve an 
80%-saturation, thus precipitating an active substance. 
After centrifuging at 32,000 r.p.m. for 60 minutes, the 
precipitate thus obtained was dissolved in 100 ml of a 
0.0 1M phosphate buffer solution (pH: 6.8) . 

Example 3: CM-Sepharose Ion Exchange 
Chromatography 

The solution obtained in the above Example 2 was 
applied to a CM-Sepharose CL-6B column [2.2 cm 
(diameter) X 18 cm (length), fc e d volume: 68 ml, the 
matrix being a cross-linked derivative of beaded aga- 
rose, with a carboxymethyl functionality and with 
cross-links between polysaccharide chains formed by 
the reaction of the base matrix with 2,3-dibromo- 
propanol, manufactured by Pharmacia LKB Biotech- 
nology Co.] and adsorbed thereon. 

After removing a bypass fraction with a 0.01 M phos- 
phate buffer solution (pH: 6.8), the curculin C was 
eluted by linear gradient elution with a 0-1. 0M sodium 
chloride solution (flow rate: 5 ml/hr, fraction volume: 5 
ml, total eluate volume: 500 ml). 

The proteins thus eluted were monitored by using the 
absorbance at 280 nm. FIG. 1 shows the result. The 
peak (B) shown in FIG. 1 corresponds to fractions con- 
taining the curculin C. 

Example 4: Gel Filtration Chromatography 

To the fractions corresponding to the hatched part of 
the peak (B) in FIG. 1 was added ammonium sulfate so 
as to achieve an 80%- saturation, thus precipitating the 
active substance. After centrifuging at 32,000 r.p.m. for 
60 minutes, the obtained precipitate was dissolved in 1.5 
ml of a 0.01 M phosphate buffer solution (pH: 6.8). 

This concentrate was separated with the use of a 
Sephadex (a beaded gel prepared by cross-linking dex- 
tran with epichlorohydrin under alkaline conditions, 
manufactured by Pharmacia LKB Biotechnology Co.) 
G-100 column [1.6 cm (diameter) X 58 cm (length), bed 
volume: 160 ml] and a 0.0 1M phosphate buffer solution 
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Protein content, activity yield and 
purity of curculin C in each 



Purification 


Protein 


Activity 


Purity 


step 


content (g) 


yield (%) 


(fold) 


Sarcocarp 


30 


100 


1 


0.5M saline 


0.106 


80.0 


225 


extract 








CM-Sepharose 


0.018 


55.5 


940 


eluate 








Sephadex G-100 


0.0086 


36.0 


1255 


eluate 









*1: sarcocarp weight (including components other than proteins). 



10 



15 



(pH: 6.8) containing 0.5M NaCl (flow rate: 8.4 ml/hr, 
fraction volume: 2.8 ml, total eluate volume: 182 ml). 

The proteins were monitored with the use of the 
absorbance at 280 nm. FIG. 2 shows the result. The 
peak (A) shown in FIG. 2 Corresponds to fractions 
containing the curculin C. 

To the fractions corresponding to the peak (A) in 
FIG. 2 was added ammonium sulfate so as to achieve an 
80%- saturation, thus precipitating the active substance. 
After centrifuging at 32,000 r.p.m. for 60 minutes, the 
obtained precipitate was dissolved in 1.5 ml of a 2M 
ammonium acetate solution. The obtained solution was 
treated with a Sephadex G-25 (9.1 ml) column equili- 
brated with a 2M ammonium acetate solution and then 
freeze-dried. Thus 8.6 mg of a curculin C of a high 
purity was obtained. 

Example 5: SDS-polyacrylamide Gel Electrophoresis 

The purity and molecular weight of the highly pure 
curculin C obtained in the, above Example 4 were con- 
firmed in accordance with Laemmli's method [refer to 
Nature, 227, 680 (1970)] by SDS polyacrylamide gel 
electrophoresis with and without using a reducing agent 
(yS-mercaptoethanol). 

As a result, a band corresponding to a molecular 
weight of 13,000 (dalton) was observed in the presence 
of the reducing agent, while a band corresponding to a 
molecular weight of 24,000 (dalton) was observed in the 
absence thereof. 

These results indicated that the highly pure curculin 
C obtained in the above Example 4 had been sufficiently 
purified and a dimer had been formed via the formation 
of disulfide linkages. 

Table 1 shows the protein content, activity yield and 35 
purity of each fraction obtained from 30 g of the sarco- 
carp of Curculigo latifolia fruits. 

TABLE 1 



20 



25 



30 



40 



45 



50 



The protein contents were determined by the method 
of Lowry et al. 

The taste-modification activity of the highly pure 
curculin C obtained in the above Example 4 was evalu- 55 
ated in the following manner. After each sample was 
kept in the mouth for 3 minutes, the mouth was rinsed 
with water. Then a 0.02M solution of citric acid was 
tasted and the sweetness was compared with those of 
sucrose solutions of various concentrations. Thus a 60 
sucrose solution showing a sweetness comparative 
thereto was selected. 

FIG. 3 shows the results. As this figure shows, the 
activity of the highly pure curculin C corresponds to 
the sweetness of a 0.3M sucrose solution. The taste- 65 
modification effect of the highly pure curculin C ob- 
tained in the Example 4 was sustained for a long period 
of time. 



Referential Example 1: Isoelectric Focusing 

The highly pure curculin C obtained in the above 
Example 4 was subjected to isoelectric focusing with 
the use of Phast Gel IEF5-8 of Phast System TM (manu- 
factured by Pharmacia LKB Biotechnology Co. ). It 
was found that the isoelectric point was 7.1. 

Referential Example 2: Confirmation of the Absence of 

any Free SH Group 

1.2 mg<50 nmol) of the highly pure curculin C ob- 
tained in the above Example 4 was dissolved in 2.5 ml of 
a 0.1M tris hydrochloride buffer solution (pH: 8.0) con- 
taining 8M of urea and 0.0 1M of EDTA (ethylenedi- 
aminetetraacetic acid) and allowed to stand at room 
temperature for 20 minutes. 

Then a 0.05M phosphate buffer solution (pH: 7.0) 
containing 0.01M DTNB [5,5-dithiobis(2-nitrobenzoic 
acid)] was added thereto and the absorbances of cyste- 
ine and the highly pure curculin C were measured at 
412 nm. 

The absorbance of 50 nmol of the highly pure curcu- 
lin C was 0.005 or below when measured under such a 
condition that the absorbance of 50 nmol of cysteine 
was 0.25. 

These facts indicated that no free SH group was 
contained in the molecule of the highly pure curculin C. 

Example 6: Preparation of S-carboxamidomethylated 

Curculin C. 

7 mg of the highly pure curculin C obtained in the 
above Example 4 was dissolved in 5 ml of a 0.4M tris 
buffer solution containing 6M of guanidine hydrochlo- 
ride, 2 mM of EDTA and 60 mM of dithiotheritol. The 
obtained solution was incubated in a nitrogen gas at 37° 
C. for 24 hours. Next, 0.2 g of iodoacetamide was added 
to the solution. After allowing to stand at room temper- 
ature for 10 minutes, the mixture was further allowed to 
stand in an ice/water bath for 60 minutes. The S-car- 
boxamidomethylated curculin C thus obtained was sub- 
jected to buffer exchange with a 50 mM sodium bicar- 
bonate buffer solution (pH: 8.0) containing 2M of urea 
and 2 mM of EDTA by using Sephadex G-25 to thereby 
give a sample to be digested with an enzyme. 

Example 7: Amino Acid Composition 

The amino acid composition was determined with a 
Picotag system (manufactured by Waters Co.). 

Namely, 10 jxg of the highly pure curculin C obtained 
in the above Example 4 was hydrolyzed with 6 N HC1 
containing 1% of phenol at 1 10° C. for 22 hours. Then 
the amino acids thus obtained were phenylthiocar- 
bamylated (PTC) and analyzed by HPLC with the use 
of a TSK gel ODS-80TM column [0.46 cm (diame- 
ter) X 15 cm (length), manufactured by Tosoh Corp.]. 
The PTC-amino acids were detected based on the ab- 
sorbance at 254 nm. Table 2 shows the results. 

The data of serine and threonine were corrected by 
taking the loss due to decomposition, respectively, as 
10% and 5%. Regarding cysteine, the S-carbox- 
amidomethylated curculin C prepared in the above 
Example 6 was employed in the measurement. On the 
other hand, the content of tryptophan was determined 
by the method of H. Edelhock [refer to Biochemistry, 7, 
1948 (1967)]. 
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TABLE 2 




Amino acid composition 




Amino acid 


% by mol 


Amino acid 


% by mol 


Asx 


17.2 


Met 


0.4 


Thr 


5.0 


He 


3.9 


Ser 


6.6 


Leu 


13.6 


Glx 


5.9 


Tyr 


4.9 


Pro 


i.i 


Phe 


1.2 


Gly 


11.7 


Lys 


2.9 


Ala 


5.0 


His 


2.2 


Half-cys 


4.0 


Arg 


5.7 


Val 


6.4 


trp 


2.3 


Total 




100.0 





10 



20 



Example 8: Enzymatic Digestion of 15 
S-carboxarnidomethylated Curculin C 

The S-carboxamidomethylated curculin C obtained 
in the above Example 6 was digested with lysylen- 
dopeptidase in a 50 mM sodium bicarbonate buffer solu- 
tion (pH: 8.0) containing 2M of urea and 2 mM of 
EDTA at 37° C. for 17.5 hours. The protein concentra- 
tion was 1 mg/ml and the enzyme to substrate ratio was 
1/120. Then the reaction was terminated by adjusting 
the pH value of the mixture to 2.0 by HC1. 

Further, the S-carboxamidomethylated curculin C 
was digested with chymotrypsin at 37° C. for 30 min- 
utes under the same conditions of buffer solution, pro- 
tein concentration and enzyme to substrate ratio as 
those employed above. The reaction was terminated by 
the same method as the one described above. 

Furthermore, the S-carboxamidomethylated curculin 
C was digested with trypsin at 37° C. for 3 hours under 
the same conditions of buffer solution, protein concen- 
tration and enzyme to substrate ratio as those employed 
above. The reaction was terminated by the same 
method as the one described above. 

Example 9: Isolation of Peptide 

The three peptide mixtures obtained in the above 
Example 8 were separated by HPLC with the use of a 
TSK gel ODS-120T (manufactured by Tosoh Corp.) 
column. Then each peptide was eluted by linear gradi- 
ent elution with acetonitrile containing 0.05% of trifluo- 
roacetic acid. The peptide was detected based on the 
absorbance at 210 nm and each peak was collected. 

FIG. 4, FIG. 5 and FIG. 6 show the elution patterns 
of, respectively, peptide mixtures obtained by lysyl- 
endopeptidase digestion, peptide mixtures obtained by 



chymotrypsin digestion and peptide mixtures obtained 
by trypsin digestion. 

It is to be noted here that the elution patterns of pep- 
tide mixtures obtained by the lysyl-endopeptidase diges- 
tion and peptide mixtures obtained by the trypsin diges- 
tion were obtained by linear concentration gradient 
elution with 20% (v/v, the balance: water) to 40% 
(v/v, the balance: water) of acetonitrile for 30 minutes, 
while that of peptide mixtures obtained by the chymo- 
trypsin digestion was eluted by linear gradient elution 
with 10% (v/v, the balance: water) to 40% (v/v, the 
balance: water) of acetonitrile for 45 minutes. The 
names of the peptides which will be given hereinbelow 
were assigned in accordance with the names of these 
peaks. 

Example 10: Analysis on amino acid composition and 
Determination of Amino Acid Sequence 

Each peptide obtained in the above Example 9 was 
subjected to amino acid analysis with a Waters Picotag 
system. Tables 3 and 4 show the results. 

TABLE 3 

Amino acid composition of peptide obtained from 
lysyl-endopeptidase or trypsin digestion 
of S-carboxamidomethylated curculin C 
(unit: mol/mol of peptide) 





Amino 












Curculin 




acid 


LEP-2 


LEP-3 


LEP-5 


LEP-6 


T-ll 




Asx(B) 




5.4(5) 


13.0(13) 


2.7(3) 


9.4(10) 


(21) 


30 


Glx(Z) 


1.2(1) 


3.2(3) 


2.4(2) 


0.8(1) 


1.4(1) 


(6) 


Cys(C) 




0.7(1) 


1.4(2) 


0.7(1) 


(4) 




Ser(S) 




2.3(2) 


3.8(4) 


1.1(1) 


2.5(2) 


(7) 




Gly(G) 




2.6(2) 


6.9(7) 


4.7(5) 


4.4(4) 


(14) 




His(H) 




2.2(2) 


1.1(1) 




1.2(1) 


(3) 




Thr(T) 




3.0(3) 


2.0(2) 




1.2(1) 


(5) 


35 


Ala(A) 


0.8(1) 


3.4(3) 


2.7(2) 




2.3(2) 


(6) 


Pro(P) 








2.3(2) 




(2) 




Arg(R) 






3.8(4) 


3.4(3) 


1.9(2) 


(7) 




Tyr(Y) 


1.0(1) 


1.0(1) 


1.9(2) 


l.HD 


(5) 




Val(V) 


1.1(0 


1.7(2) 


1.7(2) 


2.2(3) 


2.5(3) 


(8) 




Ile(I) 




1.0(1) 


1.9(2) 


0.7(1) 


0.7(1) 


(4) 




Leu(L) 


2.1(2) 


5.2(6) 


3.8(4) 


2.1(2) 


5.9(6) 


(14) 


40 


Fhe(F) 








1.2(1) 


2.3(2) 


<D 




Lys(K) 


0.8(1) 


1.3(2) 


0.9(1) 




(4) 




Trp(W) 






KD(2) 


ND(1) 


NX>(1) 


(3) 




Total 


(7) 


(33) 


(50) 


(24) 


(37) 


(114) 




Assign- 


84-90 


1-33 


34-83 


91-114 


54-90 






ment 














45 


Yield % 


55.2 


72.4 


83.0 


68.5 


31.3 





The data of serine and threonine were corrected by 
taking the loss due to decomposition, respectively, as 
10% and 5%. 

TABLE 4 



Amino acid composition of peptide obtained from chymotrypsin 

digestion of S-carboxamidomethylated curculin C 
(unit: mol/mol of peptide) 



Amino acid 


CH-H3 


CH-4B 


CH-4A 


CH-6 


CH-10 


CH-13 


Asx(B) 


2.0(2)(*) 


1.0(1) 


1.6(2) 


3.0(3) 


11.3(12) 


1.4(1) 


Glx(Z) 




2.0(2) 


1.0(1) 


1.9(2) 




0.8(1) 


Cys(C) 


0.7(1) 




0.8(1) 




1.3(2) 




Ser(S) 


1.0(1) 






2.0(2) 


4.2(4) 




oiy(G) 


2.5(3) 


1.10) 




2.1(2) 


6.6(6) 


2.2(2) 


His(H) 








1.8(2) 


1.2(1) 




Thr(T) 






1.6(2) 


l.HD 


1.7(2) 


0.7(1) 


Ala(A) 








3.1(3) 


2.4(2) 


Pro(P) 


1.3(1) 










1.2(1) 


Arg(R) 


1.8(2) 


1-1(1) 






3.3(3) 


1.3(1) 


Tyr(Y) 






1.0(1) 


1.0(1) 


2.3(2) 


1.2(1) 


Val(V) 


1.2(1) 




2.1(1) 


0.9(1) 


1.9(2) 


2.4(3) 


Ile(I) 




0.8(1) 


0.7(1) 




l.KD 


1.0(1) 


Leu(L) 


1.3(0 




1.3(2) 


4.2(4) 


4.5(4) 


2.7(3) 


Phe(F) 












1.0(1) 


Lys(K) 






1.7(2) 




0.9(1) 


0.7(1) 


Trp(W) 




ND(1)(**) 






ND(1) 


ND(1) 


Total 


(12) 


(7) 


(13) 


(21) 


(43) 


(18) 



9 

TABLE 4-continued 
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Amino acid composition of peptide obtained from chymotrypsin 

digestion of S-carboxamidomethylated curculin C 
(unit: mol/mol of peptide) 



Amino acid CH-H3 CH-4B 



CH-4A CH-6 CH-10 



CH-13 



Assignment 
Yield % 



103-114 
6.1 



35-41 
18.9 



22-34 
17.5 



1-21 
38.1 



42-84 
15.0 



85-102 
19.3 



*: Result of sequence analysis. 
*•: ND; not detected. 

The data of serine and threonine were corrected by 
taking the loss due to decomposition, respectively, as 
10% and 5%. 

The amino acid sequence was determined with the 



Namely, the peptide was degraded by Edman method 
and the resulting PTH (phenylthiohydantoin)-amino 
acid was analyzed by HPLC with the use of a TKS gel 
ODS-120T column. Table 5 and 6 show the results. 

TABLE 5 

Amino acid residues identified by Edman degradation of peptides obtained 
from lysyl-endopeptidase digestion and trypsin digestion of S-carbox- 





LEP-2 


LEP-3 


LEP-5 


LEP-6 


T-ll 


N 




Ammo acid 


Ammo acid 


Ammo acid 


Amino acid 


Amino acid 


Ammo acta 




(Yield) 


(Yield) 


(Yield) 


(Yield) 


(Yield) 


(Yield) 


Cycle 


(p mole) 


(p mole) 


(p mole) 


(p mole) 


(p mole) 


(p mole) 


1 


Tyr(3060) 


Asp(861) 


Tyr(405) 


Asp(244) 


Leu(1383) 


Asp(264) 


2 


Ala(4103) 


Asn(671) 


Gln(496) 


Gly(856) 


Thr(447) 


Asn(146) 


3 


Leu(2016) 


Val(606) 


Asn(50) 


Arg(72) 


Leu(1053) 


Val(232) 


4 


Val(1987) 


Leu(495) 


Gly(139) 


Phe(866) 


Leu(1344) 


Leu(106) 


5 


Leu(901) 


Leu(703) 


Arg(56) 


Val(1005) 


Ser(346) 


Leu(118) 


6 


Gln(1351) 


Ser(85) 


Gln(138) 


Ile(682) 


Asp(937) 


Ser(15) 


7 


Lys(489) 


Gly(227) 


Ile(171) 


Tyr(623) 


Gly(864) 


Gly(35) 


8 


Gln(482) 


Trp(92) 


Gly(457) 


Asn(1028) 


Gln(96) 


9 




Thr(120) 


Ala(156) 


Pro(301) 


Leu(615) 


Thr(16) 


10 




Leu(277) 


Ser(28) 


Val(273) 


Val(730) 


Leu(77) 


11 




His(146) 


Asn(114) 


Leu(196) 


Ile(504) 


His(28) 


12 




Ala(338) 


Thr(44) 


Trp(40) 


Tyr(797) 


Ala(60) 


13 




Asp(443) 


Asp(lSl) 


Ser(86) 


Asp(844) 


Asp(78) 


14 




His(67) 


Arg(69) 


Leu(199) 


His(204) 


His(13) 


15 




Ser(22) 


Arg(86) 


Gly(216) 


Asn(609) 


Ser(7) 


16 




Leu(154) 


G!y(75) 


Pro(213) 


Asn(758) 


Leu(33) 


17 




Gm(133) 


Ser(15) 


(Asn) 


Asn(809) 


Gln(21) 


18 




AIa(119) 


Gly(63) 


Gly(105) 


Asp(603) 


Ala(23) 


19 




Gly(81) 


Cys(57) 


Cys(66) 


Val(281) 


Gly(32) 


20 




Ala(58) 


Arg(56) 


Arg(21) 


Asn(264) 


Ala(31) 


21 




Tyr(57) 


Leu(79) 


Arg(27) 


Gly(298) 




22 




Thr(24) 


Thr(26) 


Val(12) 


Ser(193) 




23 




Leu(77) 


Leu(68) 




Ala(201) 




24 




Thr(17) 


Leu(72) 




Cys(150) 




25 




lle(44) 


Ser(9) 




Trp(27) 




26 






Asp(84) 




Gly(148) 




27 






Gly(38) 




Asp(204) 




28 






Asn(51) 




Asn(31) 




29 






Leu(46) 




Gly(72) 




30 






Val(28) 




Lys(17) 




31 






Ile(30) 




Tyr(28) 




32 






Tyr(20) 




AIa(38) 




33 






Asp(69) 




Leu(7) 




34 






His(7) 




Val(53) 





use of a 470 A Applied Biosystem Protein Sequencer. 



TABLE 6 



Amino acid residues identified by Edman degradation of peptides obtained 
from criymotrypsin digestion of S-carboxamidomethylated curculin C 





CH-H3 


CH-4B 


CH-4A 


CH-6 


CH-10 


CH-13 




Amino acid 


Amino acid 


Amino acid 


Amino acid 


Amino acid 


Amino acid 




(Yield) 


(Yield) 


(Yield) 


(Yield) 


(Yield) 


(Yield) 


ycle 


(p mole) 


(p mole) 


(p mole) 


(p mole) 


(p mole) 


(p mole) 


1 


Ser(l687) 


Gln(81) 


Thr(179) 


Asp(2395) 


Ala(443) 


Ala(227) 


2 


Leu(2813) 


Asn(71) 


Leu(553) 


Asn(2047) 


Ser(74) 


Leu(116) 


3 


lGly(2198) 


Gly(66) 


Thr(147) 


Val(1793) 


Asn(251) 


Val(141) 


4 


Pro(2673) 


Arg(10) 


IIe(137) 


Leu(941) 


Thr(46) 


Leu(lOl) 


5 


Asn(2401) 


Gln(63) 


Gln(235) 


Leu(U65) 


Asp(133) 


Gln(112) 


6 


Gln(1596) 


Ile(60) 


Asn(175) 


Ser(132) 


Arg(53) 


Lys(68) 


7 


Cys(2302) 


Trp(6) 


Lys(152) 


Gly(582) 


Arg(93) 


Asp(96) 


8 


Arg(1553) 


Cys(188) 


Gln(797) 


Gly(85) 


Gly(93) 


9 


Arg(1735) 




Asn(l6l) 


Thr(273) 


Ser(32) 


Arg(30) 


10 


Val(1547) 




Leu(45) 


Leu(596) 


Gly(60) 


Phe(39) 


11 


Asn(862) 




Val(37) 


His(278) 


Cys(65) 


Val(74) 


12 


Gly(l50) 




Lys(7) 


Ala(713) 


Arg(21) 


Ile(20) 



5,395,921 
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TABLE 6-continued 



Amino acid residues identified by Edman degradation of peptides obtained 



from chymotrypsin digestion of S-carboxamidomethylated curculin C 





CH-H3 


CH-4B 


CH-4A 


CH-6 


CH-10 


CH-13 




Amino acid 


Amino acid 


Amino acid 


Amino acid 


Amino acid 


Amino acid 




(Yield) 


(Yield) 


(Yield) 


(Yield) 


(Yield) 


(Yield) 


Cycle 


(p mole) 


(p mole) 


(p mole) 


(p mole) 


(p mole) 


0? mole) 


13 






Tyr(9) 


Asp(881) 


Leu(47) 


Tyr(32) 


14 








His(149) 


Thr(12) 


Gly(41) 


15 








Ser(58) 


Leu(68) 


Pro(ll) 


16 








Leu(321) 


Leu(74) 


Val(7) 


17 








Gln(230) 


Ser(8) 


Leu(3) 


18 








Ala(330) 


Asp(17) 


Trp(3) 


19 








Gly(187) 


Gly (21) 




20 








Ala(341) 


Asn(13) 




21 








Tyr(118) 


Leu(24) 




22 










Val(6) 




23 










Ile(3) 




24 










Tyr(3) 




25 










Asp(13) 





The carboxyl-terminal amino acid sequence was de- 
termined by using carboxypeptidase by the following 25 
method. 

Namely, 200 /xg of the highly pure curculin C ob- 
tained in the above Example 4 was dissolved in 0.9 ml of 
an N-ethylmorpholineacetate buffer solution (pH: 8.0). 

To the obtained solution was added 10 /xg of carboxy- 30 
peptidase A and the reaction mixture was incubated at 
room temperature. Some portions of the reaction mix- 
ture were sampled 15, 30, 60 and 120 minutes after the 
initiation of the incubation. Trichloroacetic acid was 
added to each sample to thereby precipitate proteins. 35 
After removing the precipitate, amino acids contained 
in the supernatant were analyzed with a Waters Picotag 
system. As a result, it was clarified that the carboxyl- 
terminal amino acid residue was glycine. 

FIG. 7 shows the amino acid sequence determined by 40 
the above-mentioned method. 

In FIG. 7, LEP, CH and T represent peptides ob- 
tained by digesting with, respectively, lysyl-endopepti- 
dase, chymotrypsin and trypsin, while N represents the 
amino acid sequence of the highly pure curculin C de- 45 
termined by Edman degradation starting with the N- 
terminal. 

A solid line shows the amino acid residues of each 
peptide which were identified by Edman degradation, 
while a dotted line shows the amino acid residues of 50 
each peptide which were not identified by Edman deg- 
radation. 

Example 11: Analysis on Amino Acid Composition 
containing Cysteine or Cystine by Performic Acid 55 

Oxidation Method 

0.1 ml of a 30% aqueous solution of hydrogen perox- 
ide was added to 1.9 mg of formic acid to thereby give 
a performic acid solution. Next, 50 /xl of this solution 
was added to the highly pure curculin C or the peptide 60 
fragments (0.5 nmol-1 nmol) obtained by digesting with 
enzymes to conduct a reaction at 0° C. for 25 hours. 

After the completion of the reaction, the performic 
acid solution was dried and subjected to amino acid 
analysis with the use of a Waters Picotag system. Thus 65 
amino acid compositions containing cysteine or cystine 
described in the following Examples 12 to 14 were 
determined. 



Example 12: Determination of Intrachain Disulfide 
Linkage between the 29th Cysteine Residue and the 

52nd Cysteine Residue 

The highly pure curculin C obtained in the above 
Example 4 was digested with trypsin. Namely, 0.5 mg 
of the highly pure curculin C was dissolved in 200 jxl of 
a 0.25M ammonium acetate buffer solution (pH: 6.5) 
containing 8M of urea and 2 mM of calcium acetate and 
denatured therein at 37° C. for 4 hours. 

Next, this solution was diluted with a 0.25M ammo- 
nium acetate buffer solution (pH.: 6.5) containing 2 mM 
of calcium acetate in such a manner as to adjust the final 
urea concentration to 2M. 

To the resulting solution of the highly pure curculin 
C was added trypsin so as to give an enzyme to sub- 
strate ratio (by weight) of 1/25. After digesting at 37° C. 
for 3 hours, the digested mixture was subjected to 
HPLC under the following conditions to thereby col- 
lect each peptide. FIG. 8 shows the results. 

Conditions for HPLC: 

column: TSK gel ODS-120T, 

mobile phase: Aqueous solution of acetonitrile con- 
taining 0.05% trifluoroacetic acid (linear concentration 
gradient from 10% v/v to 60% v/v, 40 minutes) , 

detection: UV detector 210 nm (rage: 0.5), and 

flow rate: 1 ml/min. 

The amino acid composition and the amino acid se- 
quence of the substance corresponding to the fraction 
T2 shown in FIG. 8, from among the peptides thus 
obtained, were analyzed by the same methods as those 
described in the above Example 10. Tables 7 and show 
the results. 

TABLE 7 

Analysis on amino acid composition of 
peptide T2 (unit: mol/mol of peptide) 

Amino 

acid Asn Ser Gly Arg Val Leu Lys 
~™~ 0.9 1.0 2.1 0.6 1.1 1.2 0.7 



TABLE 8 



Analysis on amino acid sequence of peptide T2 
(unit: pmol) 



Cycle 


1 


2 


3 


4 


5 


Amino 


Gly 


Ser 


Gly 


Cystine 


Arg 


(p mole) 


481 


168 


401 


7 


69 




Asn 


Leu 


Val 


Lys 



13 

TABLE 8-continued 



5,395,921 



14 



Analysis on amino acid sequence of peptide T2 
(unit: pmol) . 

Cycle 1 2 3 4 5 



289 



416 



401 



181 



20 



25 



Thus it was confirmed that an intrachain linkage was 
formed between the 29th cysteine residue and the 52nd 
cysteine residue. 

Example 13: Determination of the Position of 
Interchain Linkage between 77th Cysteine residues 

The highly pure curculin C obtained in the above 
Example 4 was digested with thermolysin. 

Namely, 10 mg of the highly pure curculin C was 
dissolved in a 0.2.5M ammonium acetate buffer solution 
(pH: 6.5) containing 8M of urea and 2 mM of calcium 
acetate. 

Thermolysin was added to a 0.25M ammonium ace- 
tate buffer solution (pH: 6.5) containing 2 mM of cal- 
cium acetate and dissolved therein. 

To the above-mentioned solution containing the 
highly pure curculin C was added the thermolysin solu- 
tion so as to give an enzyme to substrate ratio (by 
weight) of 1/25, followed by digesting at 37° C. for 15 
hours. 

Then the digested mixture was subjected to HPLC 
under the following conditions to thereby collect the 
peptide corresponding to each peak. FIG. 9 shows the 30 
results. Conditions for HPLC: 

column: TSK gel ODS-120T, 

mobile phase: aqueous solution of acetonitrile con- 
taining 0.05% trifluoroacetic acid (linear gradient from 
10% v/v to 60% v/v, 40 minutes), 

detection: UV detector 210 nm (range 0.5), and 

flow rate: 1 ml/min. 

Subsequently, the amino acid composition of the 
peptide of each peak was analyzed by the same method 
as the one employed in the above Example 11. As a 
result, cysteic acid was detected from the fraction of the 
peak E4 shown in FIG. 9 (0.30 pmol/mol). Thus the 
fraction of the peak E4 was further separated by HPLC. 

The separation was carried out under the same condi- 
tions as those of the above HPLC except that the mobile 45 
phase was eluted by linear gradient with acetonitrile of 
20% v/v to 40% v/v for 40 minutes. 

The separated peptide of each peak was collected and 
then the amino acid composition was analyzed by the 
same method as the one described in Example 11 to 
thereby detect cysteic acid. FIG. 10 shows the results. 

As a result, cysteic acid was detected from the frac- 
tion of the peak E4-1 shown in FIG. 10 (0.41 pmol A 
pmol). Thus the fraction of the peak E4-1 was further 
separated by HPLC. 

The separation was carried out under the same condi- 
tions as those of the above HPLC except that the mobile 



phase was eluted by linear concentration gradient with 
acetonitrile of 20% v/v to 30% v/v for 40 minutes. 

As a result, two peptides (peaks) of V-l and V-2 were 
obtained as FIG. 11 shows. 

The amino acid composition of each peptide was 
analyzed by the same method as those employed in the 
above Examples 10 and 11. Table 9 shows the results. 

TABLE 9 



10 


Amino acid composition of peptide V-l 
(unit: mol of each amino acid/mol of peptide) 




Amino 
acid 


Asx Ser Gly Ala 
2.5(3) 1-4(1) 3.6(3) 1.4(2) 

Tyr Lys Val Cys* 
0.6(1) 0.5(1) 1.3(1) 0.5(1) 


Trp 
ND(1) 


15 * : results of performic acid oxidation method (Example 11). 



Further, the amino acid sequence of the peptide of 
the fraction V-l was analyzed. As a result, cystine was 
found in the 6th cycle and the formation of an inter- 
chain disulfide linkage at the 77th cysteine residue of 
the protein was confirmed. Table 10 shows the results. 



TABLE 10 



Analysis on amino acid sequence of peptide 
V-l (unit: pmol) 



35 



Cycle 


1 


2 


3 


4 


5 


Amino acid 


Val 


Asn 


Gly 


Ser 


Ala 


(pmole) 


1537 


606 


1850 


314 


906 


Cycle 


6 


7 


8 


9 


10 


Amino acid 


Cystine 


Trp 


Gly 


Asp 


Asn 


(pmole) 


14 


156 


632 


2S7 


337 


Cycle 


11 


12 


13 


14 




Amino acid 


Gly 


Lys 


Tyr 


Ala 




(pmole) 


534 


257 


186 


145 





40 



50 . 



55 



Example 14: Determination of the Position of 
Interchain Linkage of the 109th Cysteine residues 

Similar to the above Example 13, the highly pure 
curculin C obtained in the above Example 4 was di- 
gested with an enzyme. Then a digestion fragment con- 
taining cystine was taken out of the digestion product to 
determine the structure. As a result, it was confirmed 
that the 109th cysteine of the protein formed an inter- 
chain disulfide linkage. 

The structure of the curculin C thus determined is as 
follows. 

Namely, the 29th cysteine residue and the 52nd cyste- 
ine residue form an intrachain disulfide linkage together 
and both of the 77th cysteine residues and the 109th 
cysteine residues form interchain disulfide linkages, thus 
giving a dimer. Further, the curculin C of the present 
invention has an amino acid sequence as specified in the 
following sequence list as a monomer. 



SEQUENCE LISTING 



( 1 ) GENERAL INFORMATION: 

( i i i ) NUMBER OF SEQUENCES: 1 

( 2 ) INFORMATION FOR SEQ ID NO:l: 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 1 14 amino acids 



5,395,921 

15 16 



-continued 



( B ) TYPE: AMINO ACID 

( C ) STRANDEDNESS: Not Applicable 

( D ) TOPOLOGY; linear 

( i i ) MOLECULE TYPE: protein 

( v i ) ORIGINAL SOURCE: 

( A ) ORGANISM: Curculigo Iatifolia 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:l: 



Asp 
1 


A s n 


V a 1 


Leu 


Leu 
5 


S e r 


G 1 y 


G 1 n 


Th r 


Leu 
I 0 


H t s 


A 1 a 


Asp 


H i s 


S e r 
1 5 


Leu 


G I n 


A i a 


G 1 y 


A 1 a 
2 0 


Tyr 


Th r 


Leu 


Th r 


1 1 e 

2 5 


G 1 n 


A s n 


L y s 


Cy $ 


A s n 
3 0 


Leu 


V a 1 


L y s 


T y r 


G 1 n 
3 5 


A s n 


G 1 y 


A r g 


G 1 n 


I 1 e 
4 0 


Trp 


A 1 a 


S e r 


A s n 


Th r 
4 5 


Asp 


A r g 


A r g 


G 1 y 


S e r 
5 0 


G I y 


Cy s 


A r g 


Leu 


Tbr 

5 5 


Leu 


Leu 


S e r 


Asp 


G 1 y 
6 0 


A s n 


Leu 


Va 1 


I 1 e 


T y r 
6 5 


Asp 


H i s 


A s n 


A s n 


A s n 
7 0 


Asp 


V a 1 


A s n 


G 1 y 


S e r 
7 5 


A 1 a 


C y s 


Trp 


G 1 y 


Asp 
8 0 


A s n 


G 1 y 


L y s 


Ty r 


A 1 a 

8 5 


Leu 


V a 1 


Leu 


G 1 n 


L y s 
9 0 


Asp 


G 1 y 


A t g 


Phe 


V a 1 
9 5 


I 1 e 


Tyr 


G I y 


Pro 


V a 1 
1 0 0 


Leu 


Trp 


S e r 


Leu 


G 1 y 
1 0 5 


Pro 


A s n 


G 1 y 


Cy s 


A r g 
1 1 0 


A r g 


Va 1 


A s n 


G ! y 















What is claimed is: , 
1. Curculin C, having interchain disulfide linkages solution, thereafter salting out a crude extract from the 
between the 77th cysteine residues of two monomer salt solution and subjecting the resultant precipitate to 
chains and between the 109th cysteine residues of said 35 purification by CM-Sepharose ion exchange chroma- 
two monomer chains, thus giving a dimer, each said tography followed by gel filtration chromatography 
monomer chain having an amino acid sequence as speci- with the use of a Sephadex G-100 column, said curculin 
fied in SEQ ID No:i, and each said monomelic chain C being characterized by a single peak being obtained 
having an intrachain disulfide linkage between the 29th when said curculin C is separated with the use of a 
cysteine residue and the 52nd cysteine residue, said 40 Sephadex G-100 column and 0.01M phosphate buffer 
curculin C being obtained by extracting Curculigo lati- solution of pH 6.8, containing 0.5M NaCl . 
folia fruits or sarcosarp thereof with an aqueous salt * * * 4 



45 



50 



55 



60 



65 



